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THE INSTITUTION OF PETROLEUM TECHNOLOGISTS, 


NOTICES. 


The Institution as a body is not responsible for the statements or 
expressed in any of its publications. 
The entire contents of the Journal are covered 
Copyright. by general copyright, and official permission 
is necessary for reprinting long abstracts; but editors may use 
not more than three pages of any paper, provided that credit is 
given as reproduced from the Journal of The Institution of 
Petroleum Technologists or ad vance-proofs thereof. 


The Journal appears in four parts per sessional 
volume, viz. in December, February, April 
and June. A brochure describing the origin, 
progress and purposes of the Institution, and comprising also the 
Memorandum and Articles of Association, the By-Laws and 
Regulations of the Institution, the Library Catalogue to date 
(with subject index), and the List of Members, was published in 
September, 1915, to be followed annually by revisions of the 
Library Catalogue and List of Members. 

Members of all classes are entitled to receive these publications 
free: for additional copies of the Journal they will be charged at 
the price of five shillings per part, and of the brochures at the 
prices stated on the wrappers, varying in proportion to bulk. 


Issue of 
Journal. 


It is particularly requested that members 
ae « notify the Secretary immediately of any 
change of address; and members are also 
requested to advise the Parcel-Post Department as well as the 
Letter Office, of any temporary change of address, as, unless this 
is done, parcel-post packets will not be re-addressed; but will 
be returned to the offices of the Institution in London, thus 
incurring further expense for postage. 
Papers should be written in the third person, 
3 — and the copy should be carefully corrected by 
the author before it is presented. 
All drawings, diagrams or other illustrations should be sent in 
a fit state for direct photographic reproduction. 
All quotations, technical terms, and localisms should be indi- 
cated by means of inverted commas. 
Foreign weights, measures, and costs should be given whenever 
possible ; and also their English equivalents. 
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PRELIMINARY. Vv 
It is suggested that authors append as complete a bibliography 
of the subject treated as may be possible. 

All papers and notes submitted to the Institution are supposed 
to be original communications unless distinctly stated to be other- 
wise, in which ease the exact reference to the previous publication 
should be given. 

Communications upon papers read at meetings, notices of 
personal movements, or other matter for which publication is 
desired in the next issue of the Journal, should be in the hands 
of the Editor on or before the last day of January, March, May 
or November as the case may be. Subsequent delivery may be 
too late for insertion. 

The In the full catalogue of the Library, published 

Library. in our brochure of September, were included 

the titles of such papers in journals received 

as bear upon any subject within the purview of the Institution. 

Such titles are not included in the intermediate lists given in our 

several parts, where, as below, the journals received are acknow- 
ledged in single entries. 

The attention of such of our members as are authors is directed 
to the absence of their works from the Library, (with some 
exceptions), and we shall be particularly thankful for gifts of treatises 
on special branches of technology, and for separate copies of papers 
contributed to other Institutions and to journals, either in past 
or future. 


AppITIoNs To LIBRARY. 


CANADA DEPARTMENT OF MINES. GEOLOGICAL SURVEY Memoirs, 
nos. 89, 92. 1916. By Exchange. 
CassiER’s ENGINEERING Monrany, vol. li, nos. 8, 4. 1917. 
From Arthur W. Eastlake. 

Enotne Users’ Association. Air Compressor Explosions 

and Troubles. Report of the Committee. Pp. 6. 8vo, 
London, 1916. From the Secretary. 

Dresser, J. A. Part of the District of Lake St. John, Quebec. 
Canada Geol. Surv. Mem., no. 92. 1916. By Exchange. 

Evans, E. A. Chemistry and Examination of Lubricating Oils. 
(Diesel Engine Users’ Assoc.). Discussion. Pp. 8. 1917. 
From the author. 

Gas anp Ow Power, vol. xii, nos. 188,139. 1917. By Exchange. 

Hume, W. F. Report on the Oilfields Region of Egypt. With 

a Geological Map of the Region from Surveys by John Ball. 

Geological Survey of Egypt. Pp. viii, 108, pl. 1916. 
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Hume, W. F Some Notes on the Post-Eocene and Post-Miocene 
Movements in the Oilfield Region of Egypt. Geol. Mag., dec. 
6, vol. iv, pp. 5-9. 1917. From the author. (Exc.) 

ImpertaL Instirute, BuLLETIN, vol. xiv, no. 4. 1917. 

INSTITUTION OF MECHANICAL ENGINEERS, ProcEEDINGS, 1916, 
pts. 3, 4. 

INstTITUTION oF MINING AND METALLURGY, BULLETIN, nos. 
150, 151. 1916, 1917. 

INstTITUTION oF Mintnc ENGINEERS, TRANSACTIONS, vol. lii, 
pts. ili, iv: vol. lili, pt. i. 1917. 

[Ron AND Steet Institute, JouRNAL, vol. xciv, 1916. 

KAHNCRETE ENGINEERING, vol. iv, no. 18. 1917. 

Marine EnGinger Navat Arcuirect, vol. xxxix, pts. 8, 
9. 1917. 

Om vol. xiii, nos. 2,8. 1917. 

Om anp CoLtour Trapes vol. 1, nos. 959-967. 1917. 

Om. Excnance Weekty Price List. March 1-April 26, 1917. 

By Exchange. 


Om News. March 3—April 28, 1917. 


PetTroLEuM WoRLD, vol. xiv, no. 8. 1917. 
From Sir Boverton Redwood. 


Ross, B. Wood Mountain—Willowbunch Coal Area, Saskatche- 
wan. Canada Geol. Surv. Mem., no. 89. 1916. 


Royat Socrety or Arts, JouRNAL, vol. Ixv, nos. 3354-3362. 
1917. By Exchange. 


SHIPBUILDER ANNUAL INTERNATIONAL NumBeEr, 1912. 
From the Editor. 


Society or Cuemicat [INpustrRY, JOURNAL, vol. xxxvi, nos. 4-7. 


1917. 
Unirep States Parent Orrice, Gazette, vols. 235, 
236, 287. 1917. By Exchange. 


Autpum or MemBers or THE INnsTITUTION. An excellent litho- 
graph portrait of our late member, Lieut. R. R. Lewer (see no. 
9, p. viii), has been presented to the Institution, the first of 

what we trust will be an extensive, if not a full series of such. 

We would solicit all members to furnish us with their “* counterfeit 

presentments,”’ at an early date. 


; limited number of Advertisements of firms 
Advertisements interested in the Petroleum Industry, may be 
in the Journal. . 
inserted in the Journal. Application for terms 
etc., should be made to the Secretary. 
Members are desired, when making enquiries or placing orders 
with advertisers, to mention that they have seen their announce- 
ment in the Journal. 
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LIST OF ADVERTISERS. 
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Excnance List. 
The following is the list of Institutions, etc., with whom we 
exchange publications: we shall be happy to extend it in suitable 
directions. 


American Academy of Arts and Sciences. 
Atheneum Subject Index to Periodicals. 
Australia, High Commissioner. 

Canada, Department of Mines, Geological Survey. 
Mines Branch. 


Gas and Oil Power. 

Imperial Institute. 

India, Geological Survey. 
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institution of Mining Engineers. 

Institution of Mining and Metallurgy. 
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Midland Institute of Mining, Civil, and Mechanical 
Engineers. 
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North of England Institute of Mining and Mechanical 
Engineers. 

North Staffordshire Institute of Mining and Mechanical 
Engineers. 

Oil Age. 

Oil and Colour Trades Journal. 

Oil Exchange. 

Royal Society of Arts, &c. 

Society of Chemical Industry. 

South Staffordshire and Warwickshire Institute of 
Mining Engineers. 
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The Journal is also forwarded to the British Museum, Copyright 
Department, to the University Libraries of Oxford, Cambridge, 
Edinburgh and Dublin, the Welsh National Library, Aberystwith, 
and to the Patent Office Library. 


PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 


It is suggested that Members of the Institution send information 
regarding their movements to the Seeretary for insertion under this 
heading. 


We have to announce with regret the recent death of two of our 
members, Mr. J. C. Butterfield and Capt. D. M. Chambers. 

Mr. Joun Core Burterrietp, a son of Mr. John Butterfield, C.E., 
of Leeds, was born in 1850, educated at Kippax, Leeds, and the 
Royal School of Mines, London. He was successively assistant to 
Dr. Percy and Mr. E. Riley, and scientific adviser to the late 
Sir George Elliot in mining, metallurgy, etc., visiting many parts 
of the world, and reporting, inter alia, on the mining and distillation 
of oil-shale. His specialities, however, were the manufacture of 
explosives, the treatment of complex ores, peat and sewage. He 
was a member of the Royal Institution, the Institute of Chemistry, 
the Chemical Society, the Society of Chemical Industry and the 
Institution of Mining and Metallurgy, and a patentee of several 
processes in connection with his favourite studies. A long and 
painful illness ended his useful career on the 8th of March last. 

Capt. D. McDonanp Campers, a@ son of Major-General 
R. Y. Chambers of the Bengal Staff Corps, was born in 1877, 
educated at Woolwich and the City & Guilds of London Central 
Institution, and after some years with the Anglo-Galician Oil Co., 
Ltd., at Schodnica, Galicia, took up a special course at the Royal 
School of Mines, London, and thereafter practised as consulting 
engineer, travelling extensively, and effecting an exhaustive 
investigation of the Parma oilfield of North Italy. Briefly 
qualifying for the post, he received a commission as Captain in 
the 16th Durham Light Infantry early in the War, served at 
Gallipoli and in Egypt, and finally fell in a heavy bombardment 
on the Western Front on the 20th February last. 


Sir Freperiox Brack, K.C.B., and Major A. Coorsr-Key, C.B., 
have been elected Honorary Members. 
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Dr. A. E. Dunstan has returned from Persia. 
The Distinguished Service Order has been awarded to Capt. 
Tuomas Samuet Masterson (Chief Engineer of the Rumanian 
Consolidated Oilfields, Ltd.), for his splendid example of courage 
and initiative in passing through the rearguard of the retreating 
army in Rumania, and destroying the Works that had remained 
intact and would have been of utility to the enemy. 

Mr. F. W. Moon has left Australia for Batavia (Dutch East 
Indies). 

Mr. E. Parsons has accepted the post of Assistant Superintendent 
of Prospecting to The Tata Iron and Sieel Company, Lid., of 
Sakchi, India. 

Mr. A. F. Srricktanp is a 2nd Lieutenant in 219th Siege 
Battery, B.E.F., France. 


Addresses wanted : Messrs. J. H. Cutty and C. W. Hopspon. 


Major A. Cooper-Key, C.B., H.M. Chief Inspector of Explosives, 
sends the following to the Hon. Secretary :— 
Dear Sir, 

I beg to enclose a copy of a letter I have addressed to the 
chief petroleum concerns in this Country, in the hope that it 
may be of interest to some of the members of the Institution. 

I am, Sir, yours faithfully, 
A. Cooper-Key. 


GENTLEMEN, 

An official report from H.B.M. Consul at Galveston regarding 
a recent fire in Port Arthur, Texas, has come to my notice, and 
I venture to think that it may be of interest to you. 

The Consul states that, according to a press report, this fire, 
which was started by lightning striking a tank containing 
refined gasoline, was extinguished within thirty minutes by the 
use of carbon dioxide foam. According to the report, all the 
pipes, tanks and conduits on the place had been equipped with 
foam-making apparatus, the result being that while in the 
majority of oil fires the loss is 50 per cent. and upwards, it was 
in this case less than half of 1 per cent. of the value involved. 

In forwarding this information, I am not suggesting that, 
from the point of view of safety, tank-installations should be 
thus equipped, inasmuch as I consider the isolation of tanks and 
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the prevention of outflow sufficiently provide for safety, but 
from the commercial point of view the matter may be worth 
considering. 
I am, Gentlemen, your obedient servant, 
A. Coorrr-Key. 


(The preparation used is mentioned by Mr. H. Barringer in our 
second volume, p. 187. It consists of two solutions of acid sulphate 
of alumina, and of bicarbonate of soda respectively, the latter 
being mingled with a solution of licorice (patented in U.S.A. as 
Foamite). These are pumped simultaneously into a mixing 
chamber, thence overflowing by a broad lip into the seat of the 
fire.—Ep.] 


Tue ImpertaL CoLLEGE oF ScIENCE AND TECHNOLOGY: 
War SeErvVICE AND DIPLomas. 


The Governors of the Imperial College of Science and Technology 
have recently considered the conditions to be fulfilled in the case 
of students of the Royal School of Mines whose associateship 
courses of study have been interrupted by their undertaking 
service with the Forces of the Crown or other approved war work, 
precedent-to the award to them of the diploma of Associateship 
of the Royal School of Mines in Mining or in Metallurgy or in Oil 
Technology. 

Such students are advised to complete the full four-year course 
if they possibly can, but it is recognised that this will not always 
be possible, and it has been decided in such cases as a temporary 
measure to meet the circumstances arising out of the War, to 
afford them an opportunity of satisfying the tests ordinarily 
imposed in less than the full time. Each case will be considered 
and determined on its merits by the College Authorities, and for 
their guidance certain general principles have been laid down. 
These include the contemplation of the possibility of a man com- 
pleting such tests in three years—having regard to experience 
gained during the War—and, in that case, the reduction of the 
requirement as regards practical work (shifts) by one-third, and 
the possibility of a man making good in certain arrears of subjects 
during vacations, but it is considered inadvisable to make any 
curtailment of the work of the first and second years. 

Certificates will be granted to those students who find they 
cannot return for the completion of the full course, in which will 
be set forth particulars of the parts previously taken. 


EDITORIAL. 


“The earth . . . cannot bear . . . a servant 

Good servant, when he reigneth,” quoth Solomon. Epigram- 

bad master. matically expressed in our title, this is a 

philosophic truth manifested not only throughout 

the complex ramifications of human life and character, but also in 

relation to most of the forces of Nature. Fire and flood under 

due control subserve many important purposes in our lives, but 
without that control often effect most maleficent results. 

We propose however to deal here with neither the physical nor 
the moral aspect of this universal truth, but with the effect of 
certain mental habits, beneficial if subordinated to reason, but 
occasionally exercising injurious control over too pliable minds. 
Classification is an essential to all accurate work, and grammatical 
analysis equally so in philological study, but to apply a com- 
bination of these to noble poetry or eloquent prose would result 
in a medley of disconnected clauses, with no more of the informing 
spirit than is present in any other dissected corpse. Even in pure 
science, a rage for classification may prove to be a side-track, 
detrimental to correct conclusion, by relegating to a single definite 
branch problems that require for their solution conjoined study 
from several distinct sciences. It may be doubted in fact, if any 
scientific problem of importance can be fully solved without the 
aid of some of the sister sciences. 

Paleontology and mineralogy are useful assistants upon occasion 
to stratigraphical geology, which is by far the most important 
branch, and might be held to be the main trunk of that widely 
ramifying science. in countries of which the geology is entirely 
unknown, a slight knowledge of palwontology may give a clue 
to the general structure before details are collected in adequate 
amount. Thus in a Tertiary area an uprising mass of Secondary 
rock might be instantly recognised by its fossils, and lead to the 
important inquiry whether flexure, faulting or unconformity 
was the dominant factor making such a breach of geological 
continuity. Yet in a well-exposed region, where beds are traceable 
with ease, it rarely occurs that paleontology plays any important 
part in determination, although it may serve to correlate divisions 
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in such homogeneous deposits as the Chalk or the Carboniferous 
Limestone. It is oftener of use in regions obscured by superficial 
deposits, or by forest-growth, although lithological character is 
of greater utility, as well as more easily noticed. 

But too frequently palaontology tends to withdraw attention 
from more important evidence to the side issue of equivalence 
with distant areas, a point of academic rather than of practical 
value. This negative injury sometimes becomes positive, when 
the evidence of fossils, even if correctly determined, supplants 
that to be obtained by actual tracing of outcrops, whilst where 
an abundant form has a wider range in the series than is supposed 
by the finder, correlation by so untrustworthy a criterion may 
be altogether incorrect. 

In Mathematics again, so indispensable in many, if not all, 
scientific operations, the profound variety of Nature must be kept 
in view. We can calculate only from averages: our graphic 
curves are drawn free-hand through the “ Milky Way” of dis- 
cordant points obtained in actual tests ; and the annual variations 
in the table of atomic weights indicate for each element the mean 
reading of a number of experiments, of which probably no two 
precisely coincide, whilst the number of decimal places given is 
merely an index of the exactitude of the observers, or it may be 
of the compiler. The founder of the atomic theory is said to 
have attributed all such fractions to error of observation, assuming 
a simple numerical relation to obtain between all elements. 
Possibly such may exist, but it is not perceptible with the decimal 
notation. At the same time one may doubt if any large mass 
of matter is homogeneous, chemically or mechanically ; whether 
every substance has not its critical points, at which a new curve 
would commence in a graphic presentation; whether any pro- 
jectile describes a true parabolic course; whether, in short, 
mathematical exactitude exists anywhere except on paper. 

The American system of isochores is a striking example of 
mischievous subservience to mathematical method, by its sub- 
stitution of calculation for observation. Isochores are lines of 
equal vertical interval from datum horizons, key-rocks as they 
are called in the U.S.A. As a basis for correlation, it would be 
difficult to find a more vicious hypothesis. No series exhibits 
uniform parallelism, and Mr. Illing’s suggestion (p. 147 of this 
volume) that it should supplement stratum-contour maps, is to 
import an unhealthy element into a sound system. The con- 
touring of the Barnsley Coal seam, referred to on p. 146, would 
lead to disastrous error, if, by uniform alteration of the figures 
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attached to the contours, they were assumed to be those of another 
seam in the field, either higher or lower in the series, simply because, 
as in all sedimentary deposits, no two seams are parallel, not even 
the roof and the floor of the same seam. In the U.8.A., calculations 
from the projected position of key-rocks have led to errors of 
thousands of feet in correlation ; a not surprising result of jumping 
to conclusions, in lieu of honestly tracing outcrops and identifying 
horizons from point to point. 

Broadly considered, all these cut-and-dried systems, whether 
geological or chemical, are delusive short cuts, propounded as 
obviating the necessity of independent investigation and deduction, 
bysubstituting generalisations forthe particular conditions involved. 
They are akin to the universal panacea which will rectify all the 
ills ‘that flesh is heir to, without troubling the patient to detail 
symptoms, still less to obtain a diagnosis of their cause. 

Result, often disaster, rarely, and then unmerited, success ; 
and unfortunately the disaster commonly falls upon those who 
cannot distinguish the charlatan from the sage, whilst the former 
rakes in credit for his chance victories, as well as cash for his 
nostrums. In the case of scientific dogmas, their promulgator 
plays with loaded dice, failures being attributed to the ‘‘ vagaries 
of Nature,”’a neat periphrasis to conceal colossal, and sometimes 
culpable, ignorance, whilst successes were accredited to the 
triumphant, but by no means new, principle (of evading the labour 
of research). The word dogma is most appropriate in this connec- 
tion, as connoting that which merely seems to apply to the problem 
in hand: hypothesis suggests, theory contemplates, dogma 
imagines. All three are useful servants, but must be kept in due 
subordination to reason and observation. 

Possibly, however, the most deleterious obstruction to scientific 
progress, unless rigidly confined to its true position of inferiority, 
is current orthodoxy in respect of unproven matters. As an 
example, the prevalence of the Charnian axial trend, dominating 
in the structure of the Palwozoic rocks of eastern and south- 
eastern England, is coming into general recognition: when first 
maintained by the writer in 1880, it was rank heresy, and every 
accession to the store of relevant data was distorted into accordance 
with the Armorican trend, then, and till quite lately, the orthodox 
idea, or, as Mr. Cunningham Craig expressed it (p. 186), one of the 
fetishes of the Geological Survey. 


W. H. Datron, Hon. Ed. 
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Twentieth General Meeting. 


A Meeting of the Institution of Petroleum Technologists was 
held at the House of the Royal Society of Arts, on Tuesday evening, 
20th February, 1917, Prof. John Cadman, C.M.G., D.8c., 
M.Inst.C.E. (President), occupying the Chair. 

The Members of Council present were Messrs. Alfred C. Adams, 
Herbert Barringer, Andrew Campbell, E. H. Cunningham Craig, 
Arthur W. Eastlake, T. C. Palmer, Dr. F. Mollwo Perkin and 
Sir Boverton Redwood. 

There was a large attendance of members and visitors. 

The President, in opening the meeting, said the Institution 
was fortunate in having received a paper from a man who was 
exceedingly competent to deal with its subject. Prof. Brame 
had been associated with the question of liquid fuel for a very 
long time, and had more or less made it his own. 

The following paper was then read, illustrated by lantern 
slides, a selection of which is reproduced below :— 


Liquid Fuel and its Combustion. 
By Prof. J. S. S. Brame, F.C.S., Member. 


Untm within quite recent years the term “liquid fuel” was 
understood to refer exclusively to the heavier classes of oil used as 
fuel under boilers or in furnaces for metallurgical or other general 
heating purposes. With the introduction of the internal-combustion 
engine, “ liquid fuel” has acquired a much wider significance and 
now covers the whole wide range of petroleum and shale-oil 
products, from the light petrol to heavy oils formerly only used 
for combustion ; it includes also such fuels as benzol and alcohol. 

The practical results which have followed the introduction of the 
latter type of engine for liquid fuel are of vast importance. The 
high-speed motor-car is familiar to all. The mastery of the problem 
of flight, for which man strove so long in vain, was accomplished 
through the petrol motor. That command of the deep through the 
submarine, which is playing such an important part in our national 
history, has been possible through the petrol motor in the first 
place, and has been extended and strengthened by the heavy-oil 
engine of the Diesel type. The air and the sea have been brought 
into subjection by man through the agency of oil. 

The importance of liquid fuel, when burnt for steam raising in the 
Royal Navy, is no less than its importance in internal-combustion 
engines. As is well known, we have numbers of ships in which oil 
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fuel is supplementary to coal, and in addition large “all oil” ships, 
together with a host of destroyers entirely fired by liquid fuel. I 
venture to say that when the history of this war comes to be 
published, the record of oil fuel in the Navy will be further enhanced. 
In addition to its use for steam raising for the main engines, oil 
fuel plays no small part in the operation of auxiliary machinery in 
modern battleships. 

It is unnecessary for me to do more than refer to the advantages 
of oil fuel over coal. The topic has been so thoroughly treated 
by others that it is familiar to you all. I think the position 
as far as the Navy and the Mercantile Marine is concerned is 
explicitly explained by the highly-burnished shovel on “all oil” 
ships, displayed in a prominent place, and inscribed ‘“‘ Lest we 
forget.” 

Neither is it necessary for me to go into the economics of the 
question of oil fuel as compared with coal. No member of the 
Institution of Petroleum Technologists is likely to fall into the 
error of some ardent enthusiasts in regarding oil fuel as a fuel of 
universal application in place of coal. Your first President, Sir 
Boverton Redwood, pointed out this before the Royal Commission 
on Coal Supplies (1905), and he and others have emphasised the 
point repeatedly in more recent years, I cannot do better than 
quote his concise summary of the position, “I think there will be 
certain selected applications of liquid fuel where the advantages of 
employing such a fuel are specially obvious, but for anything like 
general employment, I cannot see where we are to look for adequate 
supplies.” 

In this country, besides the general economic questions, the further 
difficulty that petroleum fuel oils are entirely sea-borne, with the 
consequent liability to interference with supplies, both in peace 
times and in war, is well recognised, and must tell against the 
wider introduction of oil fuel in this country. Closely connected 
with this point is that of the wide fluctuation in prices, which has 
been much marked in recent years. In 1912 fuel oil could be 
bought at 45s. to 50s. per ton. In the early months of 1918 it 
reached 80s. to 90s., but the price fell a few shillings as the year 
advanced. Prior to the outbreak of war the price was from 
55s. to 60s. 

I do not propose to-night to deal with the whole subject of the use 
of liquid fuel, but to confine myself to the use of oil fuel when burnt 
free in air for steam raising and other industrial heating operations. 
It will be better for me to treat this fairly large section of the subject 
as thoroughly as time permits, rather than attempt what would have 
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to be a somewhat sketchy outline of the whole subject, if the use of 
liquid fuels in internal-combustion engines were included. 

Suffice it to say that by the introduction of these engines the 
petroleum derivatives of every grade have been rendered serviceable 
to man as liquid fuels. Prior to use in internal-combustion engines, 
it was only the crude oils with very little low-boiling constituents 
present, or heavy residues from crude oils which were applied as fuel 
oils. Now the range includes everything, from the lighter petrols, 
the illuminating oils, the intermediate oils until finally the heavy 
fuel oils find their application in engines of the Diesel type. 

Again, I may be very brief on the question of sources and general 
production of oil fuel. In the near East suitable fuel oils are 
obtained in Russia, Galicia and Rumania. In the East supplies 
come from Borneo, Burma and more recently from Persia. In the 
West we have large outputs from California, Texas, Mexico. The 
Trinidad supplies are naturally of interest to the people in the 
mother country. 

The proximity of some of the latter supplies to the great trade 
route which must be expected to develop through the Panama Canal 
will be an important factor contributing to the extended use of oil in 
ships. To the East again, no great distances have to be traversed 
to put oil supplies on very important trade routes. 

The characters which a fuel oil should possess are high calorific 
value, fluidity at moderately low temperatures, freedom from solid 
matter which may choke the jets of atomisers or cause trouble 
through abrasion, and a satisfactorily high flash-point. 

Two typical specifications for petroleum fuel oils may be cited 
briefly. That drawn up by the United States Bureau of Mines 
(Technical paper No. 8, 1911) specifies for a closed flash-point of 
140° F. ; that the oil shall not congeal or become too sluggish to flow 
at 0° C.; it shall not contain more than 2% of water or 1% of 
sulphur, and must not contain more than a trace of sand, clay or 
dirt. The standard calorific value is to be 18,450 B.Th.U. (net) 
and shall not fall below 18,000 B.Th.U. per lb. 

In the Admiralty specification no mention appears of calorific 
value, but as the oil must be either a shale or petroleum oil, the 
calorific value will necessarily be satisfactory. Provision is made 
for testing the viscosity at the freezing-point of water by means of 
the special pattern viscometer designed by Sir Boverton Redwood for 
this purpose. The flash-point of the oil shall not be lower than 
175° F. close test, except for oils of low viscosity, such as shale-oils, 
the flash-point of which must not be less than 200° F. The quantity 
of water in the oil shall not exceed 0°5 %, and the sulphur 8%. A 
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clause specifies further that the acidity shall not exceed 0°05 %, 
calculated as oleic acid. 

The calorific value of petroleum fuel oils does not vary over very 
wide limits, since the ultimate composition of oils from any source 
is fairly constant. In this respect petroleum oil fuels show to 
marked advantage in comparison with coal, the composition of 
which varies over such wide limits, notably in the amount of true 
combustible matter present in different samples, that the calorific 
value is also very variable. 

The composition of four typical and well-known fuel oils is :— 

Beaumont (Texas). Californian. Ostatki. Admiralty. 
(*) (*) 


Carbon ... 83°26 81°52 87°5 86-40 
Hydrogen... 12-41 11-01 11°55 
Sulphur ... ine 0°50 0-55 — 0°34 
Oxygen & Nitrogen 3°83 6°92 15 1-71 


(‘) Used in U.S. Navy Board trials. (*)Heck. (*) W. H. Patterson, 
Journ. Soc. Chem, Ind., vol. xxxii, 218, 1913. 


The calorific value of some typical fuel oils is :— 


Source Specific Cavoriric VaLvE. 
of gravity (Bomb Calorimeter) 
Oil. at 15° C. Calories. B.Th.U. 
Russia (ostatki) ... 0-914 10,990 19,780 
99 eee swe 0-920 10,580 19,040 
Texas... 0-928 10,750 19,350 
0-927 10,730 19,310 
eee 0-934 10,900 19,630 
Burma ... ose 0-924 10,520 18,940 
” 0-900 10,610 19,100 
Borneo ... oxi 0°915 10,780 19,400 
Mexico ... 10,460 18,800 
Rumania 10,710 19,250 
California’ 10,400 18,700 
Persia... 10,840 19,500 
Trinidad ... 10,480 18,900 
(The last five from Redwood.) 


In this country, particular interest centres around our only native 
supplies of fuel oils—the shale-oils of Scotland and the tar oils, or 
even crude tars, produced throughout the country. The higher- 
boiling oils from the Scotch shale are almost ideal oils for fuel 
purposes when the paraffin has been removed; being distilled oils, 
they are very clean, and, in addition, have the valuable property 
of fluidity. 

Coal-tar products demand some particular attention, for they are 
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likely to play a far more important part as fuel oils in the future. 
At the present time there is such a demand for coal-tar products as 
raw material for munitions of war that tar is too valuable to burn, 
and there has been a great extension in the production of tar owing 
to the replacement of the old wasteful bee-hive coke ovens by modern 
recovery plant. So important are tar products, that some enthu- 
siastic advocates of fuel economy demand that no coal should be 
burnt in the raw state, but that all should be carbonised and the 
by-products recovered. In the normal state of things, it is fairly 
certain that we shall be producing far more tar than is required to 
furnish all the special by-products for which there is a market, and 
much tar will be available for fuel purposes. Within very recent 
years the price of crude tar and tar products has been so low that 
producers have applied it for steam raising and retort heating in 
gas-works. 

An alternative outlet for tar is found in the tar treatment of 
roads, and large quantities of tar were dehydrated and debenzolised 
for this purpose, a selling price for the treated tar of about 54s. per 
ton being obtained. This alternative use, with its effect in raising 
the price, will of course react on the possible use as fuel. 

Whilst the gas-tar of a few years back was a thick viscous black 
mess, hardly sometimes worthy of the term “ liquid,” many of the 
modern tars produced by carbonisation of coal in bulk are truly 
liquid fuels, and in many cases may be employed directly in Diesel 
engines, and certainly could be burnt with any good form of 
atomiser. 

In addition to the ordinary tar from the carbonisation of coal at 
the high temperatures in ordinary gas-works, a large supply of 
liquid fuel may be forthcoming from low-temperature carbonisation, 
which is finding so many advocates as a practical means of solving 
the problem of a smokeless fuel for the ordinary domestic grate. 
The domestic consumption of coal is about 35 million tons 
annually ; if half of this were replaced by low-temperature coke, in 
the carbonisation for which probably some 18 gallons of tar per ton 
would result, over 300 million gallons of tar would be available. 
From this a large quantity of motor-spirit would be distilled off 
and valuable cresylic acids obtained, but a very large proportion 
would undoubtedly find its application as liquid fuel. 

To petroleum experts this question of tar as fuel may not appear 
of great interest, but from the national point of fuel economy 
it is of the highest importance. In the extension of the use of 
liquid fuel it must play an important part. Reference has already 
been made to the relatively small supplies of oil available as fuel. 
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Competition from tar therefore is unlikely to be serious. Again, 
there is the important factor that tar is the only liquid fuel which 
is produced in this country outside of the shale-oils, from which the 
general user is unlikely to obtain supplies. 

Petroleum oils must always possess a marked superiority over tar 
or tar oils. The latter always contain a certain proportion of 
oxygen, and have therefore a lower calorific value. Again, tars in 
burning give off pungent irritating fumes, which, if they escape, 
are very troublesome in any stoke-hold. The average composition 
and calorific value of a petroleum fuel oil and crude tar are :— 


Petroleum Fuel Crude 

Oil. Tar. 

Carbon one 84°5 775 
Hydrogen... 125 63 
Nitrogen one ont 0-5 0°6 
Sulphur 10 1-0 


Calorific value ..- 19,400 B.Th.U. 15,850 B.Th.U. 


Methods of Combustion.—Among the earliest methods which were 
used for the combustion of oil fuel, were the open Nobel troughs 
and percolation on a porous bed of non-combustible material. 
In the Nobel trough system, a series of shallow troughs were 
set at the entrance to the boiler furnace and oil flowed by gravity 
into the upper trough, from this it overflowed into the second 
of the series, and so on, The air for combustion was drawn 
in by the natural draught between the troughs, carrying the oil 
vapours forward into the furnace. Situated a little distance inside 
the furnace was a suitable firebrick baffle, which served to mix the 
burning gases with the air, and also to radiate heat which provided 
vaporisation of the oil. Crude as the arrangement was, it never- 
theless gave quite good results in practice, evaporations of 14-5 lbs. 
of water per lb. of oil being attained. Wittenstrém also used a 
trough system. 

This simple method was of course applicable only to stationary 
boilers and furnaces. OC. J. Richardson (1864), Weir & Gray, 
and St. Claire Deville used percolation through a porous bed, 
through which heated air was also passed (accompanied sometimes 
by steam). 

The most natural further development followed, namely attempts 
to gasify the oil, and burn the oil-gas. Foote installed such a 
system on the United States gunboat Palos. A cylindrical retort 
was set near the fire-bridge, and the retort was packed with 
scrap iron. Oil and steam were fed to the retort, and the oil-gas 
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and hydrogen generated by the action of the iron on the steam were 
passed to a grid above the fire-bars, this grid consisting of tubing 
with suitable jets at intervals from which the combustible gases 
issued. In the Dorsett (1868-69) system improved by Eames 
(1875) an external gasifying chamber was employed. The oil 
trickled over a series of horizontal shelves in the gasifier, and met 
an upward current of superheated steam. The gases were sent 
forward into a combustion-chamber placed beneath the boiler or 
heating furnace. Simm and Barff (1865-67) also used a vapor- 
ising system. 

In all such systems of vaporisation, the natural result of 
“cracking” followed, carbon deposits soon choked the vaporisers, 
and the heaters also quickly burnt out. A more recent system, in 
which these difficulties were less pronounced, was that of Durr. A 
forward extension of the furnace carried two vaporisers, the 
larger one nearest the furnace was the main vaporiser; a smaller 
one situated beyond this served to heat the larger in starting up. 

The general failure of such systems as gasification o« heavy oils 
led naturally to attempts to burn the oil in the next best physical 
condition, namely in the form of a fine spray. The nearer such a 
spray approached to the condition of a “ mist ’’ of oil-globules, the 
better the chance of perfect combustion, if the supply of air to each 
little globule could be satisfactorily accomplished, and now these 
atomisers completely hold the field as far as heavy fuel oils are 
concerned. The number of patents taken out for atomisers is very 
great; as pointed out in the very valuable report of the United 
States “ Liquid Fuel” Board (1904), men of every profession and 
occupation have considered themselves competent to devise suitable 
appliances. . 

As early as 1868, W. Bridges Adams used injection by compressed 
air, and injection by steam was used by Aydon and by Wise & 
Field as early as 1865-67. 

The elementary principles underlying the design of atomisers are 
very simple, and many members of the Institution have no doubt 
designed and made perfectly satisfactory atomisers for their particu- 
lar purposes. It cannot be too strongly emphasised that no 
particular type or pattern of atomiser possesses superlative 
superiority ; that success in burning fuel oil depends but very little 
on the atomiser, providing the design is good in certain general 
particulars, but mainly on the general design of the whole oil-burn- 
ing system. 

In the American report referred to above, the opinions are 
expressed that “‘ The most efficient for any purpose is, in general, 
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the simplest piece of mechanism using the least amount of steam 
or air for atomising purposes,” and “The actual form of burner 
of a good pattern has little influence on the results.” 

The following summarises the main conditions (outside of ability 
to atomise properly) which should be fulfilled :—Ease of instalment 
and control of oil and spraying agent; possibility of easy substitu- 
tion, of rapid inspection and of quick renewal of parts. 

Atomisation is commonly carried out by spraying with (a) steam, 
(b) air and (c) direct mechanical breaking up of an oil stream, 
escaping under pressure. Before considering briefly the relative 
merits of these methods, an outline of the principal types of 
atomisers may well be given, and a brief description of certain well- 
known atomisers characteristic of each type. Abbreviating the 
system adopted in the U.S. Report, there are three main types. 


a b ¢c d 
Fie. 15.—Impact atomisers. (Plain arrows, the atomising agent ; 
crossed arrows, the fuel oil.) 


I, The simple breaking up of the oil by the impact of a jet of 
steam and air under pressure. 

The root type is shown in Fig. 15. Here the oil simply issues 
from an upper orifice, and trickles to the end of the pipe carrying 
the atomising agent. The natural development is to the slot 
form 5, or the slot in circular form c. In d, the atomising agent 
is sent downwards on to the issuing oil. In ¢, the oil channel is 
prolonged beyond the atomiser channel. 

Atomisers of this type are the simplest in design and construc- 
tion, and have moreover given some of the best results obtained in 
practice, where it has not been necessary to force the combustion 
of a large quantity of oil. The slot type has proved its value in 
locomotive work, as has also type d. 

The Booth burner is of the long slot type, and has given most 
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excellent results on the Santa Fé Railway. In these locomotives 
the unusual arrangement is made of having the atomisers at the 
forward end of the fire-box, pointing towards the fire-door. This 
enables the usual brick arch, which is costly in bricks and expensive 
to maintain, to be dispensed with, but easy accessibility is sacrificed. 
The size of the oil orifice is 24 x j in.; the steam orifice 2} x 
yy in. 

The W. N. Best atomiser is of the type d, where the spraying 
medium plays down into the horizontal cup of the oil-pipe. 
Provision is made for altering the position of the jet in relation to 
the cup. After a most exhaustive series of trials with atomisers of 
all patterns, the U.S. Naval Fuel Board considered this one of the 
most satisfactory atomisers. 

II. Atomisers of the “ injector” pattern. 


Fic. 16.—Injector atomisers. (Plain arrows, the atomising agent ; 

crossed arrows, the fuel oil.) 

These are by far the most common type for use with a spraying 
medium, and most of the well-known atomisers are on these 
lines. The root type is shown diagrammatically in Fig. 16. Sub- 
divisions include the simple jet injector a; the slot form 6 which 
gives an increased capacity, and the concentric form with oil and 
steam orifices of circular form c. 

Many elaborations are found in the different designs ; in some 
steam jackets surround the oil-passage ; in others air is drawn in, 
either through a central pipe along the centre of the steam pipe or 
around the exit of the atomised oil. 

With most atomisers of this type the sprayed oil issues at high 
velocity, giving a long flame of considerable force. To obtain 
satisfactory combustion, special design of the furnace, with suit- 
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able brick baffles is often necessary. Many atomisers of this type 
are unduly noisy. 

So large is the number of well-known atomisers of this type that 
mention can only be made of a few typical forms. The atomiser 
used with such success by that pioneer of successful oil burning, 
Mr. Thos. Urquhart, is of type a, with air introduced around the 
jet. Mr. James Holden's atomiser, which has done such good 
work on the Great Eastern Railway and other railways, together 
with general application outside of locomotive practice, is of similar 
type, with a centrally-introduced air-supply. In the latest form 
of Holden atomiser, the atomised oil enters a forward enlarged 
chamber from which it issues in several jets on slightly different 
alignment from the axis. The Carbogen atomiser has a central 
and surrounding air-supply, and this form is well known for its 
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Fic. 17.—Direct-spray atomisers. 


successful results in many heating operations, notably glass- 
melting. The Rusden and Eeles atomiser is one of sub-division 
(c) with oil and steam vents arranged around a central blank 
spindle. The oil-chamber is jacketed on both sides with steam. 

III. Direct Spray Atomisers. 

In this form no spraying agent is employed, but the oil, being 
raised sufficiently in temperature to lower its viscosity and co- 
herence, is forced under pressure through suitable orifices, in some 
cases striking against an external baffle. 

The root type is shown in Fig. 17a, in which the oil-jet passes at 
high velocity, and on leaving the sharp edge of the hole becomes 
broken into spray. In this simple form the portions of the oil- 
stream moving centrally to the orifice pass out more or less 
unbroken. To obviate this a cone ) may be inserted. In forms 
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e and d the oil-jet strikes a spraying device immediately it issues 
from the orifice. 

By causing the oil to leave a suitable orifice under high pressure 
and with a strong rotary motion very perfect atomisation is accom- 
plished. In form ¢ the rotation is imparted by means of a thread 
cut in the central spindle, and in form f (end view) by three or more 
jets of oil issuing through suitable holes cut tangentially to the 
central axis of the atomiser. 

Some of the most successful atomisers, especially for marine 
purposes, are of this root type. One of the earlier forms was that 
of Swensson, type d, in which the oil-jet struck a knife-edge sprayer, 
the sharp point of which was towards the hole. In the well-known 
Kérting atomiser, we have the rotary type ¢, the oil passing through 
the narrow channel formed by the threads in the screw and the 
inner wall of the oil tube. 

Type / has, however, been most generally developed. Among the 
atomisers of this type are the Kermode and one form of Thorny- 
crofts. A variation of the type which exhibits novel features is 
that made by Messrs. Samuel White & Co., of Cowes. This is a 
combination of types cand f. To overcome the difficulty that oil 
must be heated before it sprays from the usual rotary pattern 
atomiser, a central spindle carries a small spraying end, which 
passes through the outer orifice. When outside, the cold oil-jet is 
forced against this end, and steam can be raised in this way. 
When the heaters are at the proper temperature, the spraying end 
is drawn back inside a small chamber, and the hot oil is sprayed 
through the same orifice, the requisite rotary motion being imparted 
by suitable spiral channels cut in the face of a wide-angled cone. 

Brief comparison may now be made of the relative merits of 
these different methods of atomising oil. All may be relied on to 
give satisfactory results; it is a question of the advantages and dis- 
advantages of each in practice. Naturally these factors will be 
influenced by the conditions of use. 

Steam has the great advantage that, once the pressure in the 
boiler has been raised, the atomising agent is right to hand in 
unlimited quantities, and at any pressure likely to be demanded, 
It necessitates, however, that one boiler must be got under way 
with other fuel, or a small auxiliary boiler provided. The 
consumption of steam is usually about 4-5 % of the total 
generated; it follows that all this is lost, and whilst the extra 
feed water thus demanded is of little or no importance in most 
land-boilers, it becomes a serious question in marine practice, 
for increase has to be made in the evaporation-plant. In a vessel 
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with a large boiler installation, this obviously precludes the use 
of steam, although for many mercantile marine vessels where 
the boilers are of moderate size and few in number, steam is 
frequently employed. 

Owing to the steam being drawn almost invariably from the 
main boilers, it is not easy to arrive at reliable data of the 
actual consumption for atomisation. In the U.S. investigations, 
a separate small boiler was used, and the average steam-con- 
sumption at 274 lbs. pressure was 0-6 Ibs. steam per Ib. of oil. 
Some authorities regard 0-8 to 0°85 as the usual consumption. 

Usually steam atomisers do not respond so well as air or 
pressure systems, when boilers have to be forced. Extravagant 
claims have been made as to the advantages of steam in assist- 
ing combustion, but this question will be more conveniently left 
for the present. 

Air may be truly termed the natural atomising agent, because 
not only does it effect the spraying, but in doing so should ensure 
every little oil-globule being carried forward with the requisite air 
for its combustion. This in a large measure accounts for the satis- 
factory results with many crude forms of air-sprayers—they can 
hardly be termed atomisers. 

Many of these atomisers work with air-pressures within the 
limits of rotary compressors, which occupy but a small space. As 
is well recognised, the efficiency of air compressors falls rapidly as 
higher compressions are demanded. Atomisation by air at low 
pressure is therefore much more economical. If driven by steam, 
the steam can be condensed and returned. Again, compressors 
may be driven by an internal-combustion engine, which is of 
particular advantage in starting up. For furnace-heating no 
steam need be raised. 

Very variable results are recorded for the quantity of air required 
for atomisation ; much will of course depend on the pressure. Out 
of the 19 trials with air atomisers recorded in the U.S. Report, the 
lowest air-supply was 5-7 cub. ft. per lb. of oil; the highest 70 
cub. ft.; the average for the whole series was 26°5 cub. ft. The 
steam used in operating the blowers averaged 0-665 lbs. per Ib. 
of oil. 

Where a number of boilers are installed in a limited space, as on 
board ship, the total number of compressors required is too large 
to admit of the adoption of this system. 

Pressure atomisers are the most suited to such conditions. For 
the foregoing reasons such atomisers seldom enter into competition 
with air atomisers. It is more particularly that they show their 
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advantages over steam, and so marked are these advantages that 
the pressure system is almost general in modern installations for 
maritime purposes. It is indeed without rival under the special 
conditions of naval use, where space is at an exceptional premium, 
where the boiler output is tremendous, and where the oil consumption 
per boiler has greatly to exceed that common in the mercantile 
marine. The compactness of the oil-pumping plant, combined 
with the recovery of all steam used, are the important contributing 
factors favourable to the pressure system. 

Insufficient attention is sometimes given to the character of the 
flame from atomisers in relation to the combustion-space. Atomisers 
giving a long narrow cone of flame, such as that from many of the 
steam type, are particularly suited to the long, comparatively 
narrow furnace of the Lancashire type of boiler. On the other 
hand, with the wide combustion-space and smaller depth of the 
usual water-tube type of boiler, the wide cone of flame from the 
usual pressure-spraying burner is most suited. 

Another point, and one on which the U.S. Board laid great 
emphasis, is the tendency to install too few atomisers. Of course 
the design of the furnace in many cases very stringently limits 
this number, but there can be no doubt of the advantage of using 
atomisers spraying a reasonable amount of oil, and working under 
the best conditions, with additional ones which can be put in 
operation when required, over attempting to get good results from 
the same atomisers under widely-varying oil-consumptions. A 
number of atomisers gives a far more uniform heat, which is of 
great importance in the case of water-tube boilers where the proper 
circulation of water will not take place if there is undue heating in 
certain parts. A number of atomisers reduces greatly the blow- 
pipe like action so frequently found. 

Brief consideration may be directed to the preliminary treatment 
of the oil before atomisation. Oils should be sufficiently fluid at 
ordinary temperatures to be dealt with by the pumps, but heating 
may be necessary. It is obviously impracticable to heat the whole 
of the oil in a large bunker, but a steam-coil around the suction-end 
of the pipe serves to heat the oil sufficiently when necessary. 

With an oil properly free from water, and carried in well-riveted 
compartments, no trouble should be experienced from water. Ifa 
pocket of water gets carried forward to the atomisers, the flame may 
be extinguished and then fresh oil following into the hot furnace a 
slight explosion probably results. On board ship, where oil is carried 
in the bottoms, or in bunkers which may admit water if a seam 
opens or a rivet works loose, special settling tanks for the removal of 
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water should invariably be fitted. Two tanks should be provided, each 
fitted with steam-coils. Oil is drawn from each alternately, so that 
whilst one tank is feeding the atomisers, the other is heated and the 
water settles out. With oils of density of about 0-9, owing to the 
viscosity of the oil and slight difference between the gravity of the 
oil and the water, the latter may never separate at ordinary tempera- 
tures if the water globules are small, as would be the case where the 
oil had been churned up in a sea-way. 

Heating promotes separation in twoways. Firstly, it reduces the 
viscosity of the oil so that a globule of water, of such a size that it 
remains indefinitely suspended in cold oil, settles rapidly in the heated 
oil. Secondly, the heating accentuates the difference in specific 
gravity between the two fluids, owing to the greater expansibility of 
oil. The approximate coefficients of expansion of heavy oil and 
water per F.° is 000089 for oil and 0000264 for water. 

Interesting and instructive experiments were carried out at the 
Wallsend Slipway to ascertain the rate of separation at different 
temperatures. The following is a summary of the results :— 

Quantity of oil 60 gals. Quantity of water 20 gals. 

Temperature F.° 
90° one Water remained suspended. 
150° eee 75 % only could be removed, 
180° one Complete separation in 4 hours. 

It will be obvious that it is not desirable to heat the oil above the 
flashing- point. 

The reduction of the viscosity which results on heating facilitates 
greatly the proper atomisation of the oil, and reference has already 
been made to types of atomisers in which the oil-passages are 
jacketed by the steam. Heating of the oil is absolutely essential 
with pressure sprayers. There is, however, an easily-reached 
maximum for good results with any atomiser. On the Santa Fé 
Railway (Booth atomiser) irregular working was noted at 140° F. 
oil temperature ; regular working was attained with an oil tempera- 
ture of 90°—95° F. With Kérting pressure-atomisers, the results 
quoted below show that moderate temperature of the oil with high 
pressures gave much better results than the reverse conditions. 


Temperature Spraying Oil per burner Water evaporated 
of oil F.° pressures. per hour. per Ib. of oil. 
212° 60 lbs. 280 14-90 
162° 105 ,, 410 14-06 
110° 140 ,, 610 16:10 


The oil supply to the atomisers should be passed through 
strainers of brass wire, having a mesh half the size of the orifice 
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of the atomiser, as a safeguard against choking the latter. In 
the pump arrangement for pressure-atomisers such strainers should 
be fitted on the suction- and discharge-pipes of the pump, these 
strainers being in duplicate, so that a pair may be cleaned out 
without interrupting the supply. 

In connection with the use of thick oils, mention may profitably 
be made of the patent taken out by Mr. Arnold Phillip, the 
Admiralty Chemist at Portsmouth (1918, no. 14778). Mr. Phillip 
has found that the addition of naphthalene (8%) greatly reduces 
the viscosity of thick oils, and this material being plentiful and 
cheap, the method promises to render available certain thick oils 
which are not suited for fuel purposes in the untreated condition. 


Tue Comsustion oF Ow Fue. 


In the satisfactory combustion of oil fuel, assuming of course 
that an atomiser of efficient type has been installed, everything 
depends on suitable furnace-arrangements. Too much stress can 
hardly be laid on this point. In general, experience of combustion 
has been gained with solid fuel and, although certain guiding 
principles apply in all cases of combustion, conditions necessary 


for the proper combustion of a large quantity of oil are very 
different from those governing the combustion of solid fuel. 

To study the question it will be well first to consider the 
combustion of a fuel free from volatile constituents, coke, and a 
rich gaseous fuel. Practically coke burns wholly on the grate, 
the oxygen of the air gasifying it particle by particle at a steady 
rate. In the main, carbon dioxide is formed, but secondary 
reactions result in some carbon monoxide, so that this gas requires 
some air-supply admitted above the grate to complete the com- 
bustion. A large proportion of the heating effect is by radiant 
heat. The combustion-space is reduced in theory to the smallest 
capacity. Because carbon can only pass into the gaseous form in 
its oxides, the action is progressive, and no trace of smoke can be 
formed. 

On the other hand, considering a rich oil-gas, combustion can 
only be complete if proper admixture with air is ensured, and if the 
temperature of the flame is maintained as high as possible. The 
combustion is very rapid, just as rapid as the passage of the gas 
into the furnace permits. 

Herein lies the difficulty of obtaining that intimate admixture 
with oxygen essential to smokeless combustion, and with air not 
meeting the gases until they have issued from the gas pipe, this 
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provision of sufficient oxygen can only be ensured by a considerable 
excess of air. Then, again, any failure to maintain a high temper- 
ature before combustion is complete at once checks the process, 
and dense smoke results. There is no progressive combustion as 
with coke. 

Although liquid fuel is sent into the furnace as small globules, 
its combustion is closely akin to the last case, for the temperature 
of the oil-flame and furnace must almost instantaneously “ crack ” 
the oils, yielding quantities of rich oil-gas and, doubtless, free car- 
bon. The behaviour of the gas has just been considered. The free 
carbon, in an almost molecular state of division, will burn without 
difficulty, provided that the requisite oxygen is to hand, and the 
temperature is maintained. 

The old theory of the process of combustion in the case of hydro- 
carbons, and one which is not by any means dead, is that of 
preferential combustion of the hydrogen, so leaving carbon more or 
less free and difficult to burn—hence resulting in smoke. The 
researches of Smithells and others have proved that the converse is 
really the case ; completed primary combustion leads to the forma- 
tion of carbon monoxide and free hydrogen. If in the combustion 
of oil the process can be carried thus far, there is no danger of 
smoke formation, and the essential conditions are sufficiency of 
oxygen, proper admixture and avoidance of contact of the flame 
with any cool surface before this stage is reached. It is because of 
the necessity of maintaining as high a temperature in the flame as 
possible that the introduction of a heated air-supply is so beneficial 
with oil. 

Air therefore is the natural atomising agent for perfect combus- 
tion. The very action of spraying ensures that each oil-vesicle is 
surrounded by oxygen ready to carry on the process. In the case 
of pressure-atomising, provision must be made to introduce air 
most thoroughly throughout the cone of oil-spray, and this air 
should by preference be heated. In many of these pressure- 
atomisers the spray issues with a powerful rotary-motion. By 
means of air inlet cones of suitable angle, or by helical directing 
plates fixed in an extension of the furnace, a proper air-current can 
be directed in the counter direction, and perfect combustion 
attained. 

Taking into consideration the effect of steam on the combustion- 
process when this is the atomising agent, we find that various 
extravagant claims have been made for the action of steam. 
Impossible results were put forward for the evaporation attained 
with steam atomisers in the very early days of the use of oil for 
Q2 
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fuel, evaporations of 46 lbs. of water per lb. of oil. These marvels 
of over 200 % efficiency were accepted, and ascribed to the heat 
generated by the combustion of hydrogen set free from the steam, 
which, added to the oil result, produced the miracle ; the elementary 
fact was completely overlooked of the heat required to break up the 
steam in order to liberate its hydrogen being equal to the heat which 
could be obtained from the hydrogen on again burning to water. 

Steam actually displaces air which would naturally be present in 
the combustion-space, and unless it can be shown, as some claim, 
that it indirectly assists in combustion of the oil, it is certainly an 
undesirable atomising agent as far as the actual combustion process 
is concerned. 

It is well known that the interaction between steam and hot 
carbon (the water-gas reaction) is markedly endothermic ; if it 
occurs, it can only produce a lowering of the flame-temperature in the 
zone of combustion; it would result in the formation of carbon 
monoxide and hydrogen, and these gases would burn further on. 
The net result would be an extension of the flame, with no practical 
gain, for if the carbon is set free, and is at a sufficiently high 
temperature to react with steam, there is not the slightest fear that 
its combustion by oxygen directly to carbon dioxide, with higher 
thermal intensity, would not have taken place with air-atomisation. 
I quite fail to see how a reaction which absorbs heat in the active 
zone of a flame can assist combustion. 

It may be argued that the action of steam is not on carbon, as 
stated above, but that it is directly with the oil, and the following 
equation has been put forward to account for the action :— 

C,, H, + 12H,0 = 12CO + 25H, 

I have never been able to trace the experimental evidence which 
gives authority for such an equation. In the absence of any body 
which will decompose steam, liberating its hydrogen (which is not 
the condition in a furnace), it does not appear probable to me that 
the steam in any way assists the combustion. If any actions do 
occur between the oil vapours and steam, they would almost cer- 
tainly be accompanied by absorption of heat, and again would be 
against that desirable high intensity in the flame. 

There is certainly one other marked disadvantage in steam, 
besides that of displacing the more valuable air, and that is that 
the steam used for atomisation enters the furnace at a lower 
temperature than it leaves it in the hot flue gases, and owing to the 
high specific heat of steam no inconsiderable number of heat units 
are lost in this way. 

As previously pointed out, for the practical application of oil fuel 
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steam atomisation has advantages, but from the combustion point 
of view, in my opinion, the balance is against steam. There can 
be no question as to the soundness of design of steam-atomisers in 
which a good proportion of air is drawn in and intermingled with 
the steam and oil spray. 

For the proper combustion of oil fuel in a restricted space, such 
as a boiler furnace, the U.S. Fuel Board emphasised the necessity 
of a short intense flame, and specified the conditions for its attain- 
ment as (1) the use of a pure hydrocarbon fuel; (2) initial heating 
of the air; (3) intimate admixture of sprayed fuel with air; (4) 
large surface of fuel (i.e. fine atomisation) exposed to impact of this 
air. It should always be remembered that the spherical form of 
the globules offers the least surface for combustion, which 
emphasises the necessity of the globules being as fine as possible. 


Turning next to the important question of furnace-arrangements, 
on which success in burning oil fuel depends almost more than any 
other factor, experience shows that ample combustion-space is 
necessary. The method of introducing air to complete the com- 
bustion (secondary air) initiated by the primary air passing through 
the atomisers, or front of the furnace, is closely conaected with the 
construction of the furnace. 

The necessity for ample combustion-space as compared with that 
where coal is used is explained by some writers as due to the fact 
that oil is burnt entirely as gas or vapour, whilst coal burns to 
the extent of probably 70% on the grate. That this explanation 
is not correct where the boiler is called upon for the same evapora- 
tion under each fuel is easily seen from the following figures. 

One ton of coal gives about 12,500 cub. ft. of gas and some tar 
in vapour condition, which may be assumed to occupy another 
2,000 cub. ft. 

One ton of oil gives about 20,000 cub. ft. of gas, and some tar, 
which, for the purpose of this comparison, may be taken as 
occupying an equal volume to the coal-tar vapour, 2,000 cub. ft. 

If the boiler is evaporating 14,500 lbs. of water per hour, with 
an evaporation for oil of 14-5 lbs. per lb., and for coal 9°5 lbs. per 
Ib., the respective consumptions per hour will be :—Oil, 1,000 lbs. ; 
Coal, 1,525 Ibs. © 

The fuel burnt in each case in gaseous form will therefore be :— 

., 22,000 x 1,000 
Oil 


14,500 x 1,525 
Coal 970 


= 9,820 cub. ft. per hour, 


= 9,900 ” ” 
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so that the real volume burnt in the gaseous form with each fuel 
is approximately the same. 

I believe the true theory underlying this fact of such primary 
importance is to be found in the air-supply. 11b. of oil requires 
theoretically 180 cub. ft. of air (60° F.) and coal 150 cub. ft., so the 
actual air required in each case is :—For 1,000 lbs. oil, 180,000cub. ft. ; 
for 1,525 lbs. of coal, 229,000 cub. ft. But of the latter figure 
150,000 cub. ft. are required for the solid fuel on the grate, and 
only 79,000 cub. ft. for the gases distilled out of the coal. 

Now the coal gases are distilled off progressively over a grate 
area of many square feet, and there is little difficulty in getting 
the proper admixture of this smaller quantity of air in a com- 
paratively small combustion-space, but with oil the atomiser is 
foreing it forward at high velocity into the furnace in the form 
of a spreading cone. The primary air, either that used for in- 
jection, or drawn in by the injector-action, carries out the 
eombustion during perhaps the first three or four feet of the 
flame. To mix the secondary air to burn the gases in the farther 
removed portions is not so simple a matter and, of necessity, the 
volume of the flame beeomes greater and hence ample combustion- 
space is requisite, if that chilling, so fatal to perfect combustion, 
is to be avoided. 

If the air is regarded as the combustible, a truly scientifie way of 
so regarding it (for the terms combustible and supporter of com- 
bustion are purely relative) the point may perhaps be clearer. With 
oil we have to burn, for the same boiler output, 180,000 cub. ft. of 
air; with coal 79,000 cub. ft. with the gases. 

Given ample combustion-space, with sufficient length from front 
to back to allow of combustion being practically complete if the air 
admixture is satisfactory, no special arrangements are required, 
beyond a lining of fire-brick in the front part of the furnace. Any 
deficiency of length—as, for example, with a fire-bridge in a short 
furnace boiler with combustion-space beyond—a fire-brick lined 
extension of the front of the furnace will rectify. 

With internally-fired boilers, with a furnace-diameter of 3 ft. to 
$ft.6in., the chance of checking combustion by contact of the 
flame with acold surface is great, especially with an atomiser giving 
a spreading flame. The great success of steam atomisers with the 
Lancashire type of boiler is primarily due to the narrow angle of the 
cone and length of the flame, which results from the common design 
of such atomisers, and high pressure of the atomising agent. In 
such boilers the length of the furnace is generally from eight to 
ten times the diameter. 
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Clearly in a circular furnace of such smal] diameter, there is a 
restriction to the quantity of fire-brick lining, owing to a further 
reduction in diameter. Further, if the grate is left in and covered 
with fire-brick—as is so frequent when coal and oil are to be used 
as required—there is a further considerable reduction in space. 

A point of importance is the velocity of the gases through the 
furnace and tubes. With coal, the fuel offers considerable resistance 
to the flow of air through the bars, and the rapid passage through 
the tubes is checked by soot and dust deposits. With oil, there is no 
obstruction to the entry of air to the furnace, and the tubes should 
be quite clean. Increased efficiency is, therefore, frequently found 
when retarders are introduced into the tubes. It follows also that 
the general tendency will be to admit far too much air to the 
furnace. 


a b c 


Fic. 18.—Furnace arrangements, Scotch marine-type boilers. 


Various arrangements of fire-brick in a Scotch marine-boiler 
furnace are shown in Fig. 18. In a the restriction of combus- 
tion-space due to the grate being left in place is evident. Ind 
the whole furnace is lined with fire-brick, an arrangement which is 
usually undesirable, as not conducive to the best heat transmission. 
Shortening the fire-brick to about one-half the length of the 
furnace is an improvement. In c an arch is introduced; this 
shortens the furnace, and better results may be attained if this is 
compensated by an extension of the front, as shown ine. In d a 
false fire-brick floor is provided, with air-openings towards the 
small arch. This arrangement provides the excellent radiating 
surface of the fire-brick: the greater part of the circumference of 
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the furnace consists of the unprotected plates, so that heat trans- 
mission is good, and hot secondary air is admitted where it will 
prove most valuable. 

In the case of water-tube boilers, generally the requirement of 
ample combustion-space is easily met, but great attention is required 
to the path of the flame and hot gases in order to attain uniform 
heating. If proper baffling between the rows of tubes is not intro- 
duced the efficiency and endurance of the boilers are adversely 
affected. Again, proper water-circulation depends on uniformity of 
heating. The wide-angle cone from most pressure atomisers is 
particularly suited to this type of furnace. 

Many experts lay great emphasis on fire-brick arches as necessary 
for oil-fuel combustion. There can be no doubt that fire-brick is 
of great advantage in the furnace. Flames are low in radiating 
power, which is a most important factor in heat-transmission in a 
boiler. . Highly-heated fire-brick provides a splendid radiating 
surface. Then again there is no doubt that fire-brick in a state of 
incandescence catalytically promotes combustion. Again, suitably 
placed checkers of fire-brick, especially in internally fired boilers 
with a long flame atomiser, serve to mix the gases and air 
thoroughly, and ensure completion of the combustion, and the 
same applies to arches. But with the latter, there is the difficulty 
of maintaining a brick arch when subjected to such high tem- 
peratures. I will quote on this point the opinion of the U.S. Fuel 
Board (p. 875): “‘ The more experience the Board had with arch 
construction the more convinced the members became that by 
reason of such construction being subjected to very severe heat 
and occasional chilling practically but little endurance could be 
expected. Before settling, therefore, upon any approved form of 
baffling arch the effort should be made to dispense entirely with 
any brickwork except a lining for a portion of the furnace length 
and a simple vertical bridge wall, whose height could be increased 
or diminished at comparatively trifling time, trouble and expense.” 

A split fire-bridge, or a hollow arch, and, in the case of water- 
tube boilers especially, a hollow fire-brick floor to the furnace, 
may be made the means of promoting efficient combustion by 
allowing of the introduction of highly-heated air at just that stage 
in the combustion-zone where failure of air-supply and proper 
mixing are most likely to occur. No special appliances are then 
required for the heating of the air, which practice has proved to be 
so desirable, and there is the further advantage that the passage of 
cold air through such channels serves to prevent that excessive 
heating so destructive to fire-brick arches. In some of the most 
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successful boiler-installations, these principles are carried into 
effect. 

In Fig. 19 are shown arrangements which have been employed 
in water-tube boilers. In a the grate is in position. In } an 
arrangement is illustrated which has proved a success in the water- 
tube boilers of an electric generating station. Coal is burnt as 
usual on the grate, and four oil atomisers are installed at the back 
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Fie. 19.—Furnace arrangements, water-tube boilers. 


of the furnace; suitable fire-brick being provided. The peak load 
can thus be met by the oil, and one atomiser can be kept in 
operation instead of banking coal fires. In ¢ no bridge or arch is 
provided ; the alternative use of a hollow floor is shown by dotted 
lines. Where an arch is built, d, especially with combustion- 
space beyond, e, the value of the front extension shown in f is 
evident. 
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In conclusion, my treatment of this important question of oil- 
fuel and its combustion has been as far as possible directed to 
general principles, and I have avoided taking individual appliances 
and plant into consideration except in so far that they have 
illustrated principles which I wished to bring clearly before you. 
All petroleum men have faith in oil fuel as being the nearest 
approach to the ideal fuel, if burnt under conditions founded on 
sound theory. I have endeavoured to expound these principles 
to-night. All look forward to its attaining increased importance in 
the future, especially in internal-combustion engines, and one must 
agree in large measure with Mr. A. Beeby Thompson, who, writing 
in The Petroleum World Exhibition Number (1912), said, “ From 
an economic point of view the burning of oil in boilers can only be 
regarded as a wanton waste of the world’s resources, as each pound 
of oil consumed in steam boilers is capable of yielding four or five 
times the power if applied in accordance with modern methods.” 

But oil fuel will not lose its importance as 4 steam-raising fuel 
in units of large size, such as we have in modern battleships and 
cruisers, or the more modest units in destroyers. There are such 
difficulties to be overcome in construction, in weight and in space 
occupied by oil-driven internal-combustion engines to give the 
enormous output per shaft, that most marine engineers feel con- 
fidence in the future of the oil-fired boiler and steam turbine. The 
same considerations apply to large fast liners. Then again, in 
locomotive practice, there is no promise of the internal-combustion 
engine supplanting the steam engine, and in this field oil fuel has 
proved its value probably more than in any other commercial 
application. 


DISCUSSION. 


The President, in opening the discussion, said the development 
of the steam engine had passed through many phases, from the 
reciprocating engine to the rotary engine or steam turbine, and 
the economic production of steam was of great importance. The 
development of the internal-combustion engine could not be said 
as yet to have developed to the same extent, being still in the 
reciprocating stage,so far as was at present known. It was true, 
as the author had said, that large engines of the internal- 
combustion type were not yet economical units, so that he was 
entitled to devote his paper chiefly to the subject of the pro- 
duction of steam by liquid fuel, and he had done so in a most 
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attractive and illuminative manner, for which the members were 
greatly indebted to him. 

Sir Boverton Redwood, Bart., agreed with Prof. Brame 
that so much had been written on the subject of liquid fuel that 
it was difficult to say anything new, but the Professor had 
demonstrated that, although difficult, it was not impossible, by 
giving a masterly exposition in the second part of the paper of 
the fundamental principles underlying the successful employment. 
of liquid fuel as compared with those which applied in the case 
of coal. He was sure that a careful study of the views which the 
author had so lucidly expressed could not fail to be of great service 
to those who were called upon, as many were at the present time, 
to alter the furnace-arrangements of steam-boilers in order to 
admit of the employment of oil instead of coal. If the principles 
which had been enunciated by the author had been better under- 
stood, much of the disappointment which had followed unsuccessful 
efforts in the direction he indicated would have been overcome, 
and less would have been heard of combustion attended by an 
extravagant employment of the fuel, and by the evolution of 
inordinate quantities of smoke. There was one point in con- 
nection with those principles on which, without venturing to 
criticise anything the author had said, he felt he would like to utter 
a word of caution. He was quite sure that the author, with his. 
wide knowledge and practical experience, would agree that there 
was a risk of carrying the oxidation of the oil fuel too far. It was 
not difficult, if an intelligent procedure was adopted, and especially 
if one was guided by the analysis of the flue gases, to get the oil 
fuel burned to CO, with very little excess of air. But there were 
cases which had come within his knowledge in which engineers 
and stokers in charge of oil-burning installations had been so 
anxious to demonstrate the efficiency of the system, and their 
own skill in its use by the absolute prevention of the production 
of any smoke, that they had employed an extravagant quantity 
of air, with the result that much of the fuel had been wasted, in 
the sense that the heating surfaces had been unduly cooled. He 
believed it was an American who first called attention to the 
desirability of adopting some method of automatically regulating 
the introduction of air in proportion to the quantity of oil which 
was being burned. Mr. C. R. Weymouth, in a paper which he 
read before the American Society of Mechanical Engineers in 
1908, pointed out that, taking an ideal case of a boiler efficiency 
of 84 per cent. obtained with a 10 per cent. air-supply, he found 
experimentally that the boiler-efficiency might easily be reduced 
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to as low as 67 per cent. by an unnecessary introduction of air 
into the combustion-space. 

The only other remark he desired to make in relation to the 
author’s most admirable paper, to which, as the President had 
said, all the members had doubtless listened with the greatest 
interest, was that he trusted the author would follow up what he 
had done by giving the Institution next Session another paper, 
which he was sure would be equally admirable, dealing with the 
employment of oil fuel in internal-combustion engines. 

Mr. H. Barringer thought the Institution was to be con- 
gratulated on the presentation of such an interesting paper. 
Papers had been read on the location, the finding and the treating 
of oil, but the present paper was the first that had been read on 
its practical application, and he ventured to say it was a very 
important one. Liquid fuel could be used for a great many 
purposes, but if that state of affairs obtained, it would not be 
possible to get a sufficient supply. 

With reference to the question of air, the author had not men- 
tioned the use of forced draught in connection with the burning 
of oil. It was the usual practice to use forced draught, and it 
possessed the great advantage that the exact amount of air 
required for each particular furnace could be very nicely regulated. 
In another way it gave a satisfactory admixture. The usual 
method was to get a small light cone which directed the air on to 
the jet, and at the same time, by attached vanes, gave the air as 
well as the oil a rotary motion. By the use of this system of 
air-mixing, he had always found that there was no necessity to 
attempt to introduce any subsidiary air in any way: whilst the 
air supplied was heated in uptake before entering the furnaces. 
If a light brown smoke was seen at the top of the funnel, it was 
a very good indication that the correct procedure was being 
adopted. If it got too brown or too thick, not enough air was 
being introduced, and by means of a forced draught that could 
be very nicely regulated. It was not good practice to have a 
clear atmosphere with no smoke. 

With reference to the space for combustion, Scotch boilers 
were always made 2 to 3 ft. longer than was the practice with 
ordinary natural draught and coal burning, in order to give not 
only a longer furnace but a larger combustion-chamber. So 
far as brick work was concerned, it was his experience that the 
less brick work used the better; in fact, he did not use any at all, 
it not being necessary. There were some systems in which the 
fire bars were left in and bricked over, but that possessed the 
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disadvantage that nearly half the heating surface of the furnace 
was lost. In the ordinary system a round flame was obtained 
which filled the furnace, and the whole of it was utilised, and this 
was naturally the best heating system. 

The author had mentioned the use of settling tanks, but in his 
(Mr. Barringer’s) opinion they were a thing of the past. It was 
not now necessary to fit them, because the oil could be worked 
direct from the bunkers. It was just as possible to heat the 
whole of the bunkers as to heat a small tank, and therefore settling 
tanks had been practically done away with. 

With reference to the use of internal-combustion engines at 
sea, he was more than ever convinced that the oil-fired steam- 
boiler with superheated steam and geared turbines would run 
any Diesel engine very close, even on the matter of economy, to 
say nothing of upkeep, the whole point being that it was necessary 
to run the turbines very fast, at, say, 3,500 revolutions per minute, 
geared down to 60 or 70 revolutions at the screw. He did not 
think at the present moment there was anything very much better 
than this arrangement for ordinary medium-speed vessels. 

Mr. N. A. Anfilogoff was inclined to think that, apart perhaps 
from the merchant’s point of view, the amount of sulphur per- 
mitted by the Admiralty Specifications was far too high. The 
Americans had done most of the practical work in connection with 
various tests for liquid fuel, and they evidently did not consider 
that a liquid fuel ought to have more than 1 per cent. of sulphur. 
He thought the people in this country had gone astray in that 
respect, because most of their experience had been obtained with 
the use of coal. Those who had to deal with liquid fuel for steam 
raising forgot that, whereas, in the case of coal containing 5 or 6 
per cent. of sulphur, somewhere about half of the sulphur remained 
in the clinker and the ashes, in the combustion of liquid fuel the 
whole of the sulphur went through the combustion-chamber, and 
there were fuel oils used with more than § per cent.ofsulphur. He 
had had the experience of examining quite a large number of boilers 
during the past two years, made of perfect material, which had 
suffered considerably, either through the imperfect use of liquid 
fuel, or the imperfection of the oil itself, and he believed no one 
had as yet fully explained the reason for this. 

The author had mentioned that if water was not heated or other- 
wise separated from liquid fuel trouble would be experienced. _ 
Prof. Brame presumably meant only that the trouble would 
arise through the irregularity of the burning, or that if the amount 
of water was large enough, the flame might be extinguished. The 
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speaker had considered the subject from another point of view. 
Assuming that a fuel oil contained a considerable amount of 
sulphur and a certain amount of water, it was possible in ships 
that a certain amount of salt might also be present. Salt water 
did not readily separate out, even under heat, and he had found 
in practice that the smaller the percentage of water the more 
difficult it was to separate it. What would be the result of salt 
water entering with the spray into an intensely heated furnace ? 
He imagined that the water would flash into superheated steam, 
propelling particles of unatomised oil directly into the combustion- 
chamber, under the conditions existing on the plates of which he 
thought all the elements were present for the production of both 
sulphuric and hydrochloric acid, very detrimental to the material of 
which the boiler was made. That theory he kept to himself for some 
time, until he had had the opportunity of examining a number of 
boilers, when, time after time, he discovered considerable corrosion, 
both at the back of the combustion-chamber, and also on the 
return tube plate, all round the stay tubes. They were corroded 
in a way peculiar only to weak sulphuric or hydrochloric acid. 
He did not remember that point having been raised by the author 
either in his most excellent book on fuel, or in his lecture on fuel, 
and he did not remember having seen the point mentioned in any 
other books on liquid fuel that he had read. 

The “ burnished shovel,”’ of which the author had spoken, was 
a little bit overdone. Either the engineers did not know enough 
about the matter, or they had been educated into believing that 
to burn liquid fuel simply necessitated the turning of a valve, and 
the rest would take care of itself. That was why so many well- 
built new boilers had been practically ruined. There were in many 
ships boilers that had been working with coal for thirty or forty 
years, and they were still, with patches, in active service, but he 
had seen quite a number of beautiful modern boilers absolutely 
ruined in a comparatively short time through the use of liquid 
fuel. 

Dr. J. A. Leo Henderson said the author had indicated in 
the last sentence of his paper that the application of fuel oil for 
heating purposes was unsurpassed in locomotive practice. He 
had recently been through the Californian oil-fields, and noticed 
that preparations were being made to supplant the use of oil in the 
large locomotives on one of the great railway systems of Western 
America by pulverised coal. If the author could give any informa- 
tion in regard to the relative efficiencies of those two forms of 
sprayed fuel in locomotive practice, he thought it would be of 
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much interest. He understood that the experience so far had 
shown that baffles of some sort were necessary in connection with 
the pulverised coal system. 

Dr. F. M. Perkin, referring to Mr. Anfilogoff’s remarks, 
doubted if sulphuric acid could be formed, or continue to exist, 
at the temperatures normally obtaining in the combustion-chamber. 
Sulphur dioxide would not act on the boiler-plates. Sulphuretted 
hydrogen might be formed, and by its dissociation leave free 
sulphur to attack the metal. Hydrochloric acid could do the 
same, if not dissociated immediately upon its formation. Tem- 
peratures should prevail in the combustion-chamber which would 
effect dissociation of detrimental acids, if not preventing their 
formation. 

He quite agreed with Sir Boverton Redwood in regard to the 
excess of oxygen which might be used during combustion in the 
oil furnace. When a furnace was burning properly, it was possible 
to push the dampers in and to get the fuel to burn with a very 
small amount of air; but on starting up the furnace, the dampers 
must be kept pretty well open until the furnace was sufficiently 
hot, and it was not necessary at the commencement to worry 
much about smoke. When the furnace was sufficiently hot, the 
dampers could be pushed in, and the supply of oxygen cut down 
considerably. He was not referring to marine engines or to oil- 
fired boilers, but to a furnace for heating under any conditions 
in which temperatures of from 800° to 1,000°C. were required. 
In such a case, the best method in his experience was to have 
plenty of chequering, to carry the flame backwards and forwards, 
and furthermore to use the top of the furnace for heating the 
air which was brought in at the point at which the oil was burning: 
in fact, it was possible to economise a very large amount of heat 
by pre-heating the air. The particular oil being dealt with made 
an extraordinary difference. He had a recent experience in 
which, owing to the very high price of fuel oil, somewhere about 
ls. per gallon, an attempt was made, in place of it, to burn in 
the burners the ordinary green oil of the gas works, and it was 
found necessary to modify the furnace and the burners very 
considerably in order to obtain satisfactory results. Although 
the oil contained a certain quantity of oxygen it required ‘a larger 
amount of air to burn it than the ordinary fuel oil, presumably 
because of the class of hydrocarbon that was being dealt with. 

He had listened with very great interest to the paper, but was 
exceedingly sorry that the author had not been able to go more 
in detail into the subject dealt with in the latter part of it. 
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Mr. S. F. Stackard desired to add his voice to the meed of con- 
gratulation to the author on his excellent paper, which dealt with 
an intensely interesting subject. He might, perhaps, be forgiven 
if he imparted a little variety into the discussion by saying that 
personally he would have been more interested if the author had 
dealt not only with the question of steam-raising but with the 
whole question of the industrial application of oi! fuel. After 
@ considerable number of years of experience of its application, 
he had come to the conclusion that at any rate with the exception 
of very special installations, such as had been mentioned by the 
author for dealing with peak loads in connection with the elec- 
trical generating stations, liquid fuel did not possess a large field 
with regard to the raising of steam in this country; but he felt 
sure there was a huge future before it in regard to the burning of 
hydrocarbons in connection with industrial furnaces generally. 
He had applied it to processes as wide apart as the drying of tea 
and paper, and the melting of steel and nickel. It had so many 
advantages in ease of control, in regulation of temperature and, 
as had already been pointed out, in smokelessness, that he was 
quite certain that in regard to industrial processes the use of liquid 
fuel was only in its infancy. He was in cordial agreement with 
the author in being an air man—he did not mean a pilot of a flying 
machine. Theories had been put forward for getting the advan- 
tages of the split gases out of a furnace, without taking into con- 
sideration that they absorbed just as much heat energy in the 
splitting as they imparted a benefit in their combustion. For 
many years past he had experimented with air, and he desired 
to thank the author for having shown on the screen the burner 
with which he (Mr. Stackard) was particularly associated. He 
had long been interested in the combustion of liquid fuel, and it 
might be of interest to the author to know, with regard to com- 
pressed air, that during the last two years he had substituted for 
temperatures up to about 1,400° C. in his own melting furnaces, 
air from a pressure blower with about 12 in. to 14 in. water gauge 
for compressed air at 15 to 20 lbs. per square inch. The result 
had not only been a great reduction in the capital outlay—because 
everybody knew that a pressure fan did not cost a tithe of what 
an air compressor up to 20 or 30 lbs. per square inch would cost— 
but in addition there was a huge economy in the running cost. 
The amperage had been reduced from about 30 to 5, at 480 volts, 
so that it was quite evident that the expenditure for the atomising 
medium had been cut down tremendously. The particular oil- 
fuel installation in which he was interested was quite a small 
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one ; about 5,000 gallons or 20 tons were burned in it per week, 
and it must be satisfactory to the author to know that for once 
at any rate, and perhaps also on a good many other occasions, 
practice was in strict accord with theory, because his (Mr.Stackard’s) 
experiments in so many different industrial processes entirely bore 
out what the author had stated in his paper. One hydrocarbon 
to which the author had not alluded, of which a certain quantity 
could be obtained in this country, was known as carburetted oil- 
gas tar, which was a residual from the enrichment of water-gas, 
and was produced from gas oil. He was burning that hydrocarbon 
with very satisfactory results. It had a calorific value of only 
about 17,500 B.T.U., but, having regard to the difficulty experienced 
in procuring oil-fuel generally at the present time, it had been 
found so far fairly satisfactory. 

Mr. W. H. Booth thought the author had come to the same 
conclusion that every thinking man did who studied the oil-fuel 
question. With regard to the quantity of oil available, 15 or 16 
years ago, when he first began to study the question closely, 
he found that the amount of oil produced in the world had about 
5 per cent. of the calorific value of the coal produced, and he 
believed the same proportion existed at the present time. That 
at once proved that oil-fuel could only be used in special cir- 
cumstances, and the endeavours of engineers should be directed 
to putting it to the utmost use in those circumstances, because 
it was quite uncommercial to use oil-fuel in every instance. For 
instance, in an electric light station it was quite impossible to use 
oil-fuel for the main operations, but there were certain periods 
in an electric light station when the load went up very quickly 
to asevere peak, and then it was profitable to use an oil installation. 
Under those circumstances a large number of boilers had to be 
put into commission quickly, and got out again quickly, and a 
large amount of fuel was wasted if coal was used. By using liquid 
fuel small boilers, containing half a dozen gallons of water, could 
be steamed up quickly, and as soon as the peak load went off they 
could be quickly run down again, very little fuel being wasted 
in doing so. There was only one method of burning oil-fuel, 
namely, to atomise it, and that was the proper way also to burn 
solid fuel. 

A system of burning pulverised coal would have been adopted 
long ago had it not been for the unfortunate habit coal had of 
containing a very large amount of mineral matter in its composition. 
As a result, when an attempt was made to burn coal on a pulverisa- 
tion system, the flues of the boiler and the house-roof gutters in 
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the neighbourhood were filled with coal dust, and trouble was 
thereby experienced. So far as he could see, that was the only 
objection there was to the use of pulverised coal. If some system 
could be used whereby the dust could be collected and deposited 
in a chamber round the foot of the chimney, as he had suggested 
many years ago, he believed coal could be burned on the same 
principle as liquid fuel. Bituminous coal and liquid fuel were 
practically of the same composition, and there was no reason, 
as the author stated in his paper, why liquid fuel and coal should 
not be burned upon the same system. Both required a combustion- 
chamber of sufficient size in which to complete the combustion, 
and a sufficient degree of temperature to make it perfect. 

Dr. H. J. Bush inquired whether the author could give any 
information with regard to the work done on the submerged oil 
burner, in using which the flame was submerged in the liquid, 
and to which one of the previous speakers had referred. Shortly 
before the war he had the opportunity of seeing an installation 
in a chemical works in which coal-tar oil was being used, and the 
flame was entirely submerged in the liquid, which consisted of a 
solution of sodium vanadate, a liquid difficult to evaporate by 
any ordinary process. Strange to say, the most remarkable 
evaporation results were obtained, namely, 19 to 21: 19 was 
guaranteed by the engineer who installed the evaporator, but it 
was passed in actual practice. The work was on a commercial 
seale, using about 5 gallons of oil per hour. He did not know 
whether the system was still in use, and would be glad if the author 
could give any information on that method of applying fuel-oil. 

Mr. D. A. Sutherland regretted that the author had not 
dealt more fully with the metallurgical side of the problem. The 
use of oil fuel varied very much according to the type of oil em- 
ployed, and the object to be attained. The author had summarised 
the position in regard to the raising of steam, but he hoped that 
he would at some future date give a paper on the metallurgical 
side, referring to the carrying out of chemical operations by means 
of liquid fuel. If liquid fuel was used, not only could the tempera- 
ture easily be controlled but the gases, according to whether it 
was desired to bring about reduction or oxidation in the furnace. 
The simpler the apparatus was, and the more attention that was 
given to the capacity of the furnace, the better the results would 
be. For a good many years a great deal of attention had been 
given to special forms of burners. The carbogen burner was 
excellent for certain purposes. 

When applied to steam raising, however, the simpler the form 


DISCUSSION. 225 


of atomiser the better. The introduction of a large furnace in 
front frequently gave excellent results. In Russia, for instance, 
where very heavy oils had to be distilled, it would be found that 
a very large furnace indeed was employed, in which no baffles 
were necessary. The great thing was to get a large surface and 
anything just short of perfect combustion to utilise the whole of 
the heat. Many of the members had experience on that subject. 
He quite agreed that it was unnecessary to introduce air except 
through the furnace if carefully adjusted. 

Some twenty years ago he carried out a series of experiments in 
London with Mr. Bryan Donkin in connection with pulverised 
coal. No difficulty was experienced in the neighbourhood from 
the coal dust, and most excellent results as to economy and efficiency 
were obtained for many years. 

Prof. J. S. S. Brame, in reply, said he had very little to say, 
because several of the points that had been raised in the course 
of the discussion were referred to in the paper, but he had not time 
to deal with them when reading it. 

Sir Boverton Redwood had pointed out the risk of using excess 
air, a point to which it would be found that reference was made 
in the paper, pointing out that the conditions for burning oil fuel 
were different from the conditions for burning coal, because there 
was not the resistance of the fuel on the grate bars and so there 
was a very great tendency to introduce too much air. It was 
necessary very carefully to control the quantity of air, and one 
could have no better control than by the estimation of the carbon 
dioxide in the flue gases. 

The point raised by Mr. Barringer with regard to cones and vanes 
was also referred to in the paper. Mr. Barringer’s experience that 
the less brick work used the better, was in agreement with the 
experience of a number of people, provided the type of furnace 
and the type of atomiser employed were such that combustion 
could be completed without the danger of the spreading cone of 
gases coming in contact with any surface at a much lower tempera- 
ture, such as the bare iron of the boiler itself, as it might do in the 
case of an internally-fired boiler with a spreading type of atomiser. 
If contact occurred between the hydrocarbon flames and the 
cooler surface, a considerable volume of smoke was bound to ensue, 
but he quite agreed that there was no reason why the oil fuel should 
not be burned perfectly, provided an atomiser suitable to the 
furnace was used. That was a point on which he laid very con- 
siderable stress, and the converse was equally true—that the furnace 
must be suited to the atomiser. Mr. Barringer also stated that 
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the use of settling-tanks was out of date. That might be so, but 
at the same time only within the last few months he had had 
experience of very considerable trouble through water finding 
access to the oil through the working of the tanks, and here the 
provision of settling-tanks would have saved the situation, and 
also many thousands of pounds. 

Mr. Anfilogoff’s question on corrosion had been answered by 
Dr. Perkin. He did not quite see Mr. Anfilogoff’s point with 
regard to water in oil. Whenever oil was burned plenty of water 
was produced in the flue gases, and a little more added to the oil 
in the first place did not seem to him to make very much difference 
to the result that would ultimately be obtained. 

Mr. Stackard, whose name had been very prominently associated 
with the industrial use of oil fuel, and who afforded him facilities 
some years ago for seeing his oil-fuel installation used in the 
melting of glass, had referred to his (the author’s) failure to deal 
with industrial applications. Time had not permitted of this 
on the present occasion. 

The use of pulverised coal, to which reference had been made, 
was outside the scope of the paper, but it was undoubtedly the 
best way of burning coal. Magnificent results could be obtained 
with pulverised coal, and the type of flame then obtained approached 
very closely indeed to the oil-fuel flame, which he looked upon 
as the best type of flame. An attempt had been made to obviate 
the difficulty caused by the dust by grinding a small proportion 
of limestone or lime with the coal, but as far as he knew trouble 
had always been experienced from deposits of dust in the flues, 
and fusion of the ashes on to the walls of the combustion-chamber 
and tubes. 

On the motion of The President, a very hearty vote of thanks 
was accorded to Prof. Brame for his interesting and instructive 
paper, and the meeting terminated. 


[The paper read and discussed at the next following meeting of 
the Institution may be regarded as a further communication upon 
the same subject, viewed from a more purely chemical point of view, 
but of the greatest practical importance to distillers and users of 
fuel oil.—Ep.]} 


Twenty-First General Meeting. 


A Meeting of the Institution of Petroleum Technologists was 
held at the House of the Royal Society of Arts, on Tuesday 
evening, 20th March, 1917, Sir Boverton Redwood, Bart., D.Sc., 
F.R.S.E. (Vice-President), occupying the Chair. 

The Members of Council present were Messrs. E. H. Cunningham 
Craig, Arthur W. Eastlake, Charles Greenway, T. C. Palmer and 
Dr. F. Mollwo Perkin. A letter of regret for unavoidable absence 
was received from the President, Prof. John Cadman, C.M.G., 
D.Se., M.Inst.C.E. 

There was a large attendance of members and visitors, Lady 
Redwood being one of the latter. 

The Chairman said his first duty was to apologise for the 
unavoidable absence of the President, who had had to go abroad 
on Official duties. 

He was sure the members would be gratified by the announce- 
ment that they were honoured by the presence of the President- 
elect, Mr. Charles Greenway. 

He was asked by the Honorary Editor, Mr. W. H. Dalton, to 
express his regret that the Journal for February had not yet been 
delivered. The delay in the issue was due to the pressure of the 
present strenuous times on authors and printers alike. 

The following paper was then read : — 


Sulphur in Petroleum Oils. 
By Dr. F. Motiwo Perk, F.I.C., F.C.S., Member. 


Neaaty all naturally occurring petroleum oils contain sulphur in 
varying amount, some having only a very small proportion, others 
large amounts of sulphur, accompanied by a disagreeable smell. Oils 
obtained by the low-temperature distillation of shale, lignite, peat 
and coal also contain sulphur, the percentage varying with the 
quantity present in the material retorted. The extent to which the 
sulphur will pass into the oil obtained by retorting, depends however 
upon the form in which it exists in the raw material. For example, 
if the sulphur in a particular shale is partly combined with mineral 
matter, such as gypsum, this part of the sulphur will not enter into 
the oil. On the other hand, if it is combined in the “kerogen,” 
that is the organic matter, a considerable proportion will appear in 
combination in the distillate. 

Seeing the great difference in the sulphur-content of oils from 
different regions, it is a matter of great interest to speculate as to 
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how the sulphur originally came to be present in the oil. From a 
practical standpoint the problem is how to eliminate the sulphur 
without greatly increasing the cost of the oil. 

The organic sulphur-compounds found in petroleum appear to 
vary very widely in their chemical constitution. Some of them 
are decomposed with comparative ease, for sulphuretted hydrogen 
gas is evolved on distilling the oil. In some cases this is probably 
due to the actual presence of sulphuretted hydrogen dissolved in 
the oil. In other cases, however, it can only be produced by the 
decomposition of some unstable compound of sulphur. That this 
is the case is demonstrated by the fact that if the oil is first 
washed to remove free sulphuretted hydrogen, and subsequently 
distilled, sulphuretted hydrogen is given off, whilst in not a few 
cases further quantities of this gas are again evolved on re- 
distillation. 

The character of the sulphur-compounds in the oil is presumably 
dependent upon the manner in which the sulphur originally entered 
the oil. Assuming that the oil was originally produced by the 
fermentation and decay under pressure of vegetable and animal 
material, the sulphur would probably be obtained by the decom- 
position of albuminous matter. Where there is very little sulphur 
present, one may suppose that the oil was mainly formed from 
vegetation, which contains less sulphur than animal matter. 
Where there is a larger proportion of sulphur we may suppose that 
the chief oil-forming products were sea-weeds and fish. Although 
sea-weed itself does not contain much sulphur, it would when it 
decayed most certainly be accompanied by a large amount of 
animal matter from minute sea organisms, fish, ete. If, as seems 
to be the case, a high percentage of sulphur is also accompanied 
by a high nitrogen-content, this would lend support to the 
suggestion that the origin of the oil was both vegetable and 
animal, because there is much more nitrogenous matter in animal 
than in vegetable life. 

On the other hand, where there are very large quantities of 
sulphur present, 2 to 3% or more, a portion of the sulphur 
is probably produced from inorganic sources, such, for example, as 
the reduction of gypsum, either by steam under pressure or by 
organic hydrides. There is no doubt but that during the formation 
of the oils, partial decomposition, with liberation of hydrogen 
and then polymerization of the altered oils, must have taken place. 
The liberated hydrogen would be in the nascent state, and under 
the conditions present might very likely reduce sulphates, with 
formation of sulphides, which in presence of water and high tem- 


sulphur is found dissolved in the oil. 


stability of the sulphur-compounds. 


higher fractions, and in the residues. 


of sulphur :— 
Fraction. 


to 90° C. 


110-150 
150-220 
220-257 
257-300 
800-350 
Residue 


Sulpbur %. 
0-02 


perature would give off sulphuretted hydrogen. 


0-10 
0°38 
0-41 
0°37 
0°37 
0-54 
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The sulphuretted 
hydrogen at the moment of its liberation would unite with some of 
the unsaturated hydrocarbons and form sulphur-compounds. 

The amount of sulphur-compounds formed would depend upon 
how long these reactions were continued, and the amount of sulphur 
available. I believe it is generally found that larger amounts of 
sulphur are found in oiis obtained from limestone regions, than 
from those where the geological formation is siliceous. 
so, it would give support to the above theory. Occasionally, free 
For example, a portion of 
the sulphur in Texas oils is in the state of free sulphur. Some 
crude oils also contain free sulphuretted hydrogen. 

As already mentioned, the sulphur-compounds vary very much 
in character; some are removable with comparative ease, others 
only with the greatest difficulty and with considerable loss of oil. 
Probably the easy or difficult removal depends largely upon the 
Generally speaking, the 
sulphur-compounds appear to be distributed between all the 
fractions of the oil, but usually the larger quantity is found in the 
For example, the following 
figures were obtained from an American crude oil containing 0-72 % 


0-7282 
0-7669 
0°7940 
0°8138 
0°8242 
0°8976 


If this is 


Specific Gravity. 


it will be noticed that in the fractions above 200° the percentage 
of sulphur is practically constant. 

Another oil from Petrolia (Canada), which contained a larger 
quantity of sulphur, viz., U-98-1:06 %, gave the following 


results :— 
Fraction. 
115-150° C. 
150-200 
200-250 


Sulphur %. 
0-28 
0-42 
0-50 
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Fraction, 


250-300 
800-850 
Residue 


Salphur %. 


0°51 
0°86 
0-70 


It will readily be understood that the isolation and examination 
of the sulphur-compounds in order to identify them is a matter of 
great difficulty. The boiling-point of a given organic sulphur- 


compound may be identical with the boiling-point of the hydro- 
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carbon contained in the same fraction of the oil. In such a case it 
would obviously be impossible to separate the one from the other 
by fractional distillation. The only method of procedure possible 
would be to combine this sulphur-compound with some reagent, 
such, for example, as mercury chloride. If such a product were 
crystalline or formed a heavy liquid, it might be possible to separate 
it from the oil. The mercury-compound could then be decomposed, 
for example, with sulphuretted hydrogen, when the free original 
sulphur-compound would be obtained. But although a few classes 
of compounds might be amenable to such treatment, many would 
not. 

To the refiner, the chemical nature of the sulphur-compound is 
® matter of indifference, provided he can remove it. On the other 
hand, if more were known as to the chemical structure of the 
sulphur-compounds, the chemist might be able to assist the refiner 
much more than at present. It is therefore a matter of great 
importance that further extended research into the composition of 
the sulphur-compounds in petroleum oils should be undertaken. 
This is much more important at the present than in the past, 
because owing to the exhaustion of some oil supplies, and the much 
greater demand for oil fuels, many new sources of oil are being 
exploited, a number of which are very rich in sulphur. 

Furthermore, if we are to be in a position to utilise our great 
deposits of Kimmeridge shale (which on retorting give an oil con- 
taining from 6 to 7% of sulphur), we shall have to find some 
satisfactory method of desulphurising. I venture to think that the 
class of sulphur-compounds found in natural petroleum oils and in 
oils distilled from shales and the like will be found to vary con- 
siderably, when we succeed in isolating them. 

Certain of the sulphur-compounas present in natural petroleum 
oils have been isolated, but they have been mainly from the lower 
fractions. A few might be mentioned :— 

CH = CH 

Thiophene, C,H,S or | >8 

CH = CH 
has been found in small quantities in Russian and German oils. 
It is interesting to note that Victor Meyer and Nahnsen (Bericht, 
xviii, 217) found that thiophene is formed in small quantities when 
@ mixture of benzene and petroleum vapour is passed over strongly- 
heated iron pyrites. As iron pyrites, FeS,, readily splits off sulphur 
when strongly heated, the thiophene in this case is produced by the 
direct action of sulphur upon dissociated hydrocarbons, because at 
high temperatures the hydrocarbons would be largely cracked. 
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Friedmann (Hericht, 1916, xlix, 1,844) finds that when normal 
octane, CH,(CH,),CH,, is heated in a sealed tube with sulphur to 
270-280° C., a thiophane, C,H,.8, and a thiophene, C,H,S,, are 
formed, sulphuretted hydrogen at the same time being liberated. 
The same compounds are produced when the unsaturated hydro- 
carbon octylene is heated with sulphur under pressure. In the 
latter case, as might be expected, sulphuretted hydrogen is not 
evolved. 

Henry (Journ. du Pétrole, 1906, 69) considers that the thiophenes 
are not present in the crude oil, but are produced by combination of 
sulphur or sulphur-compound with ethylene hydrocarbons, that 
is to say, with the unsaturated hydrocarbons. Thiophene is the 
lowest member of the group; there are many higher derivatives 
known, and the possibilities of the formation of these in oils is 
very great. The boiling-points increase as the thiophenes become 
more complex. For example :— 


Member. Boiling-point. Specific Gravity. 
Thiophene, C,H,S 1-09 
Methylthiophene, C,H,S — 
Ethylthiophene, C,H,S 0-99 
Dimethylthiophene,C,H,S ... 137 0-994 
Propylthiophene, C,H,S 0-974 
Octylthiophene, C,,H,8 258 0-812 


Mabery and Quayle (Amer. Chem. Journ., xxxiv, 404, 1906) have 
isolated thiophanes from Canadian petroleum, When the oil was 
shaken up with sulphuric acid, the ethylene bodies dissolve and 
some oj] becomes mechanically mixed with the acid. After a time 
this oil separates out, and from this oil Mabery and Quayle separated 
thiophanes. The thiophanes may be looked upon as saturated 
thiophenes or as naphthene sulphides. Thus :— 

CH = CH CH, — CH, 

Thiophene d Thiophane 

H = CH H, H, 


The thiophanes, like the thiophenes, form a number of homo- 
logues, thus among those isolated from Canadian petroleum the 
following may be mentioned :— 


Member. Boiling-point. 
Hexylthiophane, C,H,,S bie 125-180° C. 
Heptylthiophane, C,H,5 158-160 
Octylthiophane, C,H,.S 168 
Nonylthiophane, C,H,,5 ose 193 
Decylthiophane, C,,H,8 208 


Octdecylthiophane, C,,.H,S ... 290-295° 
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Mabery and Smith (J. Soc. Chem. Ind., xix, 508, 1900) also 
found another class of sulphur-compound to be present in Canadian 
petroleum, namely, alkyl sulphides, the simplest of which is methyl 
sulphide (CH,),S. Appended are a few members of this class, with 
the boiling-points of the fractions from which they were isolated :— 


Member. Boiling-point. 
Metby] sulphide, (CH,),S ove 100-120 
Ethyl sulphide, (C,H,),S om 135-140 
Pentyl sulphide, (C,H,,),5 on 205-210 
Hexyl sulphide, (C,H,,).5 on 225-235 


From the foregoing examples it is readily seen how the sulphur- 
compounds are found in all the fractions when petroleum contain- 
ing sulphur is distilled. If we compare the boiling-points with 
those of some of the hydrocarbons present in petroleum, the 
difficulties of separation by fractionation will be at once seen :— 


Hydrocarbon. B.P. °C, Sulphur-compound. B.P. °C. 
n—hexylene 69 ... Thiophene ove 84 
Hexane.... 69 ... Ethyl sulphide ... 92 
Heptane ... 98 ... Methylthiophene 112 
Heptylene ... 95 ... Hexathiophane ... 127 
Octylene ... 122 ... Heptylthiophane 158 
Octane... 125 ... Isobutyl sulphide 171 
Nonane ... 150 ... Decylthiophane... 208 
Dodecane ... 215 ... Octdecylthiophane 290-295 
Hexadecane 287 Prim. heptyl sulphide 298 


Mercaptans, the simplest of which is ethyl mercaptan, C,H,SH, 
seem only to have been noticed in Baku oils. It is just as well, 
perhaps, because their odour is by no means pleasant. 

Carbon disulphide, CS,, is sometimes found in petroleum oils: 
this would come over with the lowest fractions. On the other 
hand, alkyl compounds of carbon disulphide, have been found by 
Mabery and Smith, and these will have higher boiling-points, and 
be very difficult to eliminate. 

There are so many possible ways in which sulphur can enter the 
hydrocarbon compounds, although probably it is chiefly the unsatu- 
rated compounds or molecules undergoing decomposition (cracking) 
which are attacked. Undoubtedly when the petroleum was being 
formed, under pressure and heat, in presence of moisture, sulphur, 
nitrogen, and other bodies, all the elements for most complex 
chemical reactions, were associated. As the oils formed they were 
cracked and polymerized, and at every stage sulphur, either as the 
free element, as sulphuretted hydrogen, or in the form of organic 
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sulphur-compounds from animal residues, was there to enter into 
any unstable or unsaturated molecule. Indeed, the stability of an 
unsaturated molecule might quite easily be increased by the entry 
of an atom of sulphur. For example, take the compound butylene 
which is unsaturated—the entry of an atom of sulphur or sulpbur- 
etted hydrogen will cause it to become saturated :— 


CH, CH, CH, 
| 

CH ch H,S 
| | >8; | 

CH CH CH-SH 
| | | 

CH, CH, CH, 


The butylene would dissolve in concentrated sulphuric aeid: the 
thiobutane would be insoluble. 

The subject is one of peculiar interest, and one might go on 
almost indefinitely as with a Chinese “puzzle,” showing the 
infinite possibilities of the formation of sulphur-compounds. 

Methods adopted for the removal of sulphur.—This much can be 
said at this stage, that unsaturated sulphur-compounds can be 
removed by treatment with sulphuric acid, but if the oil to be 
treated contains a large amount of unsaturated hydrocarbons, these 
may be more easily removed by the acid treatment than the un- 
saturated sulphur-compounds. If such is the case the acid treatment 
would be too costly. It is also possible, when treating unsaturated 
hydrocarbons with sulphuric acid, actually to add sulphur. This is 
due to the acid reacting with the unsaturated part of the hydro- 
carbon and forming sulphonic acids. These sulphonic acids 
are soluble in paraffin oils, and are not decomposed by the addition 
of water or alkali. On distillation these sulphonated oils decompose, 
giving off large quantities of sulphur dioxide and at the same time 
depositing carbon. 

The objections to the presence of sulphur in petroleum oils are 
many. In petrol it should be eliminated to the lowest limit; in fact, 
petrol should be practically sulphur-free. The presence of sulphur 
gives a very bad exhaust. Kerosene and lamp oils should also be 
practically sulphur-free. When sulphur is present in lamp oils, 
there is always an unpleasant smell produced when the lamp is 
burning, and the luminosity of the flame is decreased. The lamp- 
wick becomes carbonised, and thereby the luminosity of the flame is 
still further reduced. Furthermore, when the oil is burning, sulphur 
dioxide is produced, which becomes oxidised to sulphuric acid, and 
of course is very objectionable to the decorations, etc. 
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With fuel oils, although the less sulphur the better, the minimum 
amount present may be considerably higher without any harmful 
effect. Large quantities of sulphur are, however, objectionable. 
When the oil is used for naval purposes, the atmosphere of the 
stokeholds of the ships is apt to become badly vitiated by the sul- 
phurous fumes. When a large quantity of sulphur is present, it is 
also said to pit the boiler plates and tubes. There is considerable 
controversy as to how far and how great the extent of injury to the 
parts of the boiler extends. 

Removal of sulphur.—lt bas already been mentioned that it is not 
unusual for crude oils to contain sulphuretted hydrogen dissolved in 
them ; a portion of this will be eliminated as gas on distillation but 
some will probably redissolve in the distillate. This, however, is a 
matter of little importance if the distillates are to be subjected to 
treatment with acid and alkali, because this will eliminate the 
sulphuretted hydrogen. 

It does not necessarily follow that because sulphuretted hydrogen 
is evolved on distillation, this is due to the gas being dissolved in the 
oil. Some of the organic sulphur-compounds partially decompose 
on distillation, with evolution of sulphuretted hydrogen. If they 
would decompose completely, distillation would be a good method of 
removing them, but unfortunately decomposition is generally only 
partial. I say generally because we really do not know exactly what 
happens, but by analogy with the higher alkyl sulphides, where on 
distillation decomposition is only partial, we may surmise that 
complete decomposition rarely, if ever, takes place. It is also 
possible that in presence of hot oil, a portion of the sulphur from 
the decomposed compound might go back into combination again in 
some other form which might be even more stable than the first. 

The first attempt to desulphurise oil on a large scale appears to 
have been made in Canada in 1869. The oil was heated to a high 
temperature in presence of super-heated steam. Attempts were 
also made to remove sulphur by means of sodium plumbate and by 
heating to a high temperature with metallic oxides. These first 
attempts do not seem to have met with any great measure of 
success. 

According to Sir Boverton Redwood, the Ohio oils, which have 
an unpleasant odour owing to the presence of sulphur, and at one 
time could not be employed as illuminating oils, are desulphurised 
as follows. Cupric oxide is used as the desulphuriser and is employed 
in two ways. 

I. The crude oil, without being treated with reagents, is dis- 
tilled, the vapours being passed through vessels containing cupric 
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oxide. The sulphur in the oil reacts with the cupric oxide, forming 
cuprous sulphide. The vapours, freed from sulphur, then pass 
forward and are condensed. By this means the whole of the 
volatile portion of the crude oil is desulphurised. 

II. The oil is distilled in the usual manner, the light spirit and 
illuminating oil being separated from the heavier oils. They 
are then transferred to another still provided with an agitator, 
in which they are heated with finely-divided cupric oxide, the 
mixture at the same time being energetically agitated. On being 
distilled off, the distillate is free from sulphur. A considerable 
excess of copper oxide must be employed, or else the stills are rapidly 
corroded. The retort residue is filter-pressed and obtained in 
cakes. These cakes consist of a mixture of cuprous sulphide, un- 
changed cupric oxide and tar. They are placed in a furnace and 
re-oxidised to copper oxide. 

The Frasch process, originally designed to deal with the unplea- 
sant-smelling Canadian oils called “skunk,” is somewhat similar. 
The oils are treated with a mixture of metallic oxides, e.g., 75 parts 
copper oxide, 10 parts lead oxide, and 15 parts iron oxide, or with 
a solution of metallic oxides in petroleum, the oxide always being 
present in excess. 

The process is either carried out by actual mixing of the oil with 
the oxides, or the vapour of the oil is passed through heavy oil, 
in which the oxides are dissolved or suspended. In the mixing 
process large stills are employed, about 22 feet high and 15 feet in 
diameter. These stills are called “ sweeting stills,” and are pro- 
vided with powerful agitators. Generally ten of these stills are 
placed radially round a chimney stack. In the first place, a certain 
quantity of a sludgy mixture of heavy oil and metallic oxides is 
placed in the still, then the oil to be treated is run in, the agitator 
set in motion and the oil distilled over. More oil and oxide mixture 
is then added, without first running off the residue in the still, and 
a further charge of oil run in and distilled off. This process is 
repeated five times before the residues in the retort are run off. The 
residues are filter-pressed, and the sulphide of copper reconverted 
into oxide by oxidising in a furnace. 

In the second process, vapour of the oil to be desulphurised is 
passed through a mixture of heavy oil containing two parts of 
copper oxide, one part of litharge and two parts of iron oxide. This 
mixture is placed in a vertical container, 15 feet high and about 
5 feet in diameter, so as to about half fill it. The container is 
baffled with plates extending from the sides nearly to the centre, and 
in between the baffles wire brushes are rotated, thus ensuring a 


4 
oe 
we 
| 
: 


236 PERKIN : SULPHUR IN PETROLEUM OILS. 


thorough mixing. The oil to be purified is run into a still and the 
vapours passed into the bottom of the purifying tower, so that it 
must pass up through the mixture of heavy oil and desulphurising 
material. The vapour passing up through the agitated mixture 
comes into most intimate contact with the desulphuriser, and a very 
thorough purification ensues. 

Frasch also patented a process for treating oils with oxides in an 
autoclave at a temperature higher than the boiling-point of the oil. 
The pressure was such that, although heated above its boiling-point, 
the oil was always kept in the liquid condition. It might be men- 
tioned here that the mere fact of heating oils to a high temperature 
under pressure appears to have a tendency to decompose some of 
the sulphur-compounds. Some little while ago I was heating a 
kerosene oil, which naturally would not contain much sulphur, 
under a pressure of about 50 atmospheres and at a temperature of 
over 500° C. The oil was being constantly pumped through a 
heating coil, at such a speed that the actual temperature of the oil 
was 500° or over, and partly cooled before passing the check valve, so 
that it should not come over in the form of vapour. Along with 
the gases produced by heating the oil to this high temperature, 
there was a considerable quantity of sulphur dioxide. It may be 
asked where the sulphur dioxide came from, seeing that there is no 
oxygen in kerosene. This was, I presume, produced by small 
quantities of water contained in the kerosene, the supply tank 
at the time being in the open, and exposed to a drizzling rain. 

Another process patented by Frasch was the treatment of the 
oil with substances which would give off free chlorine, chlorine 
oxides or hypochlorous acid, such, for example, as bleaching powder. 
I do not know whether this process was ever used on a large scale. 

It is well known that the ordinary refining process by strong 
sulphuric acid only removes a part of the sulphur-compounds. 
J. Robinson states in his American Patent 910584 that the sulphur- 
compounds can be eliminated by using 98% or even higher. 
The acid must be added to the oil cooled to about 8° C., and the 
temperature allowed to rise to 15°C, The acid is run off, the oil 
treated with ordinary sulphuric acid, washed with water and alkali 
and treated with steam. Robinson claims to have reduced the 
sulphur in Lima petroleum from 0-346 % to 0°05 % Such a 
process might be satisfactory with oils which contain practically 
no unsaturated hydrocarbons, but it obviously could not be em- 
ployed with oils containing a large proportion of unsaturated 
compounds, such, for example, as shale oils, which contain a high 
percentage of hydrocarbons of the ethylene series. Even with 
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fully-saturated hydrocarbons there appears to be a tendency to 
form sulphonic acids when very concentrated sulphuric acid is 
used, that is to say, acid which contains some free anhydride. 

H. Blackmore, D.R.P. 187650, treats the oil with calcium car- 
bide. The oil is either heated with the carbide, or the vapour is 
passed over heated calcium carbide. As some oils can be partially 
desulphurised by being passed in the form of vapour over heated lime, 
it is quite feasible that calcium carbide would have a similar effect. 

The Edeleanu process is very interesting. In this process the 
oil is treated with liquid sulphur dioxide. When a petroleum 
distillate is mixed with liquid sulphur dioxide at a temperature of 
about 5° C., two liquid layers are obtained. The lower layer consists 
mainly of unsaturated hydrocarbons dissolved in sulphur dioxide, 
the upper layer of saturated hydrocarbons of the methane and 
naphthene series. ‘The bulk of the sulphur-compounds are also 
found in the lower layer. That the sulphur-compounds contained 
in the oils examined belonged to the unsaturated series of hydro- 
carbons does not necessarily follow. Although saturated hydro- 
carbons do not dissolve to any extent in liquid sulphur dioxide, it 
is quite possible that saturated sulphur-compounds do. In any 
case, the process was designed chiefly with the object of improving 
illuminating oils, the presence in which of unsaturated hydro- 
carbons tends to give a smoky flame. I am not aware that the 
process has been tried with heavy fuel oils. 

Edeleanu found that the sulphur in a Mexican kerosene, sp. gr. 8025, 
which contained 0-404 % of sulphur, was reduced to 0-164 % by 
treatment with liquid sulphur dioxide, whilst a Rumanian lamp 
oil with 0-052 % content of sulphur was reduced to 0:008%. It is 
also interesting to note that the oil obtained from the lower layer 
contained in the case of the Mexican oil 1:10 % sulphur, and in 
the case of the Rumanian oil 0-042 % sulphur. 

I do not think that the Edeleanu method would be satisfactory 
in dealing with shale oils, particularly Kimmeridge, which appears 
to contain a particularly large amount of unsaturated hydrocarbons 
and an excessively high proportion of sulphur. I am also rather 
doubtful as to its applicability to heavy fuel oils. 

A great number of other processes have been suggested, but it is 
an extremely difficult matter to get any actual information as to 
how they work or even as to what they are. Inventors frequently 
bring two samples of oil. The one an oil containing sulphur, and 
the other an oil either sulphur-free or containing less sulphur than 
the first. You are informed that the first is the crude oil, and the 
other is the same oil which has been treated by a new process 
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which they have invented. The difficulty is that they are generally 
afraid to trust anyone to investigate the process. Consequently 
the matter goes no further and, presumably, the world has lost a 
valuable invention ! 

Messrs. Lucas, Palmer and myself have devised a process which 
is as yet only in its initial stages, so that I am not in a position 
to say very much about it. It consists in the treatment of the oil 
at high temperatures with gaseous ammonia. The oil may either 
be liquid or gaseous. If the oil is liquid, the pressure must be kept 
sufficiently high to prevent the oil gasifying at the temperature to 
which itis subjected. On the other hand, the temperature should be 
sufficiently high to cause the ammonia to commence to dissociate. 
When the oil is treated in the form of vapour, it is passed through 
a heating system together with the ammonia before being condensed. 
We have found that sulphuretted hydrogen is given off from oils 
containing sulphur when treated in this way. It is an interesting 
point that oils containing sulphur when heated in contact with 
ammonia give off no sulphuretted hydrogen until a specific tem- 
perature is reached. This temperature appears to vary with 
different oils. The quantity of ammonia required seems to be only 
that necessary to react with the sulphur present in the oil to form 
sulphuretted hydrogen. We believe that the action is due to the 
dissociation of the ammonia. Furthermore, we are of the opinion 
that with unsaturated sulphur-eompounds saturation as well as 
desulphurisation may take place. Let us first look at what might 
conceivably happen with a saturated hydrocarbon such as thiophane, 
and we will write the ammonia as if it were dissociated into its 
elements :— 

CH, — CH, CH, -— CH, 

| >8S+(N:HHH)> | | + HS+N+H 
CH, — CH, CH, —C 
It will be noticed that there is one hydrogen too much; this 
may either go off in the form of gas, or help to saturate an un- 
saturated hydrocarbon. 

Now, with an unsaturated sulphur-compound such as thiophene 
we might consider that the following reaction may take place :— 

CH = CH CH, — CH, 

>8+2(N:HHH)~> | | +H,S+N, 
CH =CH CH, — CH, 
Here two molecules of ammonia are required in order that on 
removal of the sulphur the unsaturated hydrocarbon may become 
saturated. If no saturation took place, the unsaturated rest would 
break up, and there would be deposition of carbon and liberation of 
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hydrogen. Supposing this did happen, then we might expect the 
liberated hydrogen, being nascent, to react and hydrogenise other 
unsaturated hydrocarbons. So far, however, we have no evidence 
of deposition of carbon, consequently we think that most probably 
the reaction proceeds as expressed in the equation. 

I might refer to one other example, diethyl sulphide, in which 
case, instead of getting a saturated ring formed, a chain (butane) 
would result. 

CH,*CH, 
CHS + (N : HHH) CH,-CH, - CH, CH,+H,S+H+N 

In the above equations only the simplest examples have been 
taken. It is obvious that the organic compounds of sulphur may be 
of a most complex nature. But it does not follow that those 
having the more complicated formule will be more difficult to 
eliminate. The main difficulty is in the treatment of the heavier’ 
oils. There is a tendency to crack when heated to high tempera- 
tures, with consequent deposition of carbon and undue lowering of 
the flash-point of heavy fuel oils. When treated with liquid 
reagents, troublesome emulsification frequently occurs. 

As is well known, over and above the Scottish shales, which 
fortunately do not contain very much sulphur, we have in this 
country very extensive beds of so-called Kimmeridge shale which 
have a very high sulphur-content. It is unfortunate that this 
sulphur is present in such a form in the shale that on retorting a 
very high percentage passes into the oil. Indeed, the amount of 
sulphur in the crude oil may be from 5 to even 8 %. 

On distilling the crude oil, large quantities of sulphuretted 
hydrogen are evolved, which points to the presence of sulphuretted 
hydrogen dissolved in the oil. That this is indeed the case is shown 
by the fact that the permanent gases evolved when the shale is retorted 
always contain some sulphuretted hydrogen, as do also the aqueous 
liquors produced. Apparently, however, a portion of the sulphur- 
etted hydrogen is produced by the decomposition of some easily 
decomposed organic sulphur-compounds. That. it is so is shown by 
the fact that if the distillate from the crude oil is washed and 
redistilled small quantities of sulphuretted hydrogen are again 
given off. I think that the unpleasant smell of the sulphur‘com- 
pounds in Kimmeridge shale oil may very likely be due to the 
presence of small or perhaps large quantities of mercaptans, the 
simplest of which, as has already been pointed out, is ethyl mer- 
captan, C,H,SH. It will be noted that these may be looked upon as 
sulphuretted hydrogen H—S—H with one of the hydrogen atoms 
replaced by a hydrocarbon radical. 
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The sulphur in Kimmeridge shale oil is found in all the frac- 
tions, and in spite of the evolution of sulphuretted hydrogen on 
fractionation, the amount in the distillate is not very much less 
than in the crude oil. 

In a recent patent Hall proposes to remove the sulphur from the 
Kimmeridge shale oil by passing in sulphur dioxide gas, and then 
distilling. Hall relies upon the sulphur dioxide reacting with the 
sulphuretted hydrogen given off, and causing deposition of free 
sulphur according to the well-known equation 

SO, + 2H,S = 2H,0 + 388. 

The removal of sulphur in this manner might be feasible if the 
whole of the sulphur came off as sulphuretted hydrogen. On the 
other hand, if this were the case, there would be no difficulty in 
removing the sulphur by a washing treatment. As already stated, 
only a small portion of the sulphur is given up as sulphuretted 
hydrogen when the oil is distilled, and there seems no reason why 
more should be evolved in presence of sulphur dioxide. Again, 
there is the possibility of the finely-divided sulphur reacting with 
the hot oil in the still. 

Kimmeridge shale oil would be of immense value to the country 
if this sulphur could be partially, or better wholly, removed, the 
yield of oil per ton of shale retorted being much higher than that 
obtained from Scotch shale. So far, although many attempts 
have been made, they have not yet met with any satisfactory 
measure of success, 

This oil contains a large quantity of unsaturated hydrocarbons, 
and the sulpburic-acid purification is difficult, and must be carried 
out with great caution. Distillation is not easy because the oil 
retains water in a most remarkable degree, as the following analyses 
of a Dorset Kimmeridge shale and oil therefrom will show. The 
oil was first separated from all visible water, and allowed to stand 
for over a week in a warm place before analysing. During that 
period no further separation of water had taken place, and the oil 
had not the appearance of an emulsion. 

Analysis of Shale. 
Moisture... 
Volatile matter 
Mineral matter 
Fixed carbon 


Sulphur 
Nitrogen 
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On retorting there was obtained from 1 ton of shale 


Crude oil ... oie 64°75 gallons. 
This crude oil contained 

Water .-. %0°25 gallons (45°86 %) 

Water-free oil 84°50 

Sulphur in crude oil 


The analysis of the suiphur was made on the crude oil before 
separating the water by distillation. The dry oil has not yet been 
analysed for sulphur, but in spite of small quantities of sul- 
phuretted hydrogen given off on distillation it would probably 
contain over 7 %. 

It is possible that the form in which the sulphur-compounds are 
contained in the kerogen of the shale could be ascertained by 
treating the shale with a solvent such as pyridine, which dissolves 
a considerable quantity of the organic matter out of shale. Whether, 
even supposing we could isolate the sulphur-compounds in this way, 
and determine their constitution, it would help us to retort in 
such a way as to prevent the presence of the sulphur in the oil, is 
another matter. 

In the retorting of shales there are three possible methods by 
which the sulphur might be eliminated. 

I. Removal in the process of retorting, and thus preventing its 
entrance into the oil. 

II. The oil vapours before condensing might be passed through 
hot pipes containing a desulphurising agent. 

III. To desulphurise the oil by some chemical means after the 
sulphur has entered it. 

I. Obviously, prevention being better than cure, the first method 
is the one to be preferred. Bearing in mind that spent shale is of no 
value, there is not the least objection to adding some material— 
such, for example, as lime—to the shale before retorting, if by so 
doing the sulphur can be prevented, partly or completely, from 
entering the oil. The same could not be done with a sulphurous 
coal which was being distilled at low temperatures in order to 
obtain oils, because the coke would be spoilt. 

It is well known that one of the most important by-products in 
the retorting of shale is sulphate of ammonia. It is quite possible 
that by a previous treatment before retorting, a larger yield of this 
valuable product would be obtained. 

II. It might be possible to pass the vapours through heated 
tubes or chambers containing a desulphurising material. There 
would, however, be a danger of carbonisation, and of carbon being 
deposited upon the desulphurising material, thus stopping its action. 
s2 
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III. The desulphurising of oils by chemical means is one of 
considerable difficulty. The number of patents which have been 
taken out is exceedingly large, but there is a very great overlapping. 
Patents which can be called novel are few and far between. Thus, 
treatment with metallic oxides has been patented again and again, 
most of the patents showing little or no novelty. The employ- 
ment of caustic soda or lime, or other alkaline material, has also 
been proposed by a number of different patentees. As a matter of 
fact, it is extremely difficult to find any commercially-practicable 
method for treating and removing sulphur-compounds without at 
the same time acting upon the oil, and causing great loss. It 
must be remembered, also, that it is a question of treating, not a 
few hundred, but millions of tons of oil in such a manner that the 
sulphur can be eliminated without unduly increasing the cost. 

I am not going to leave off on a pessimistic note. I have pointed 
out the difficulties which have to be overcome, because to know 
and face the difficulties is the first step to overcoming them. I 
believe that the problem is on a fair way to be solved, and from 
information which I have received very promising processes are 
now under trial. It may be that in a short time a paper giving 


information upon a profitable desulphurising process will be read 
before this Institution. 


DISCUSSION. 


The Chairman said that in the light of what the author had 
stated it was evident that Nature put a padlock on several highly 
prolific sources of mineral oil in introducing to the normal partner- 
ship of carbon and hydrogen the third element of sulphur, and 
it was also clear that unfortunately the same key would not 
unfasten all the locks. He could well remember when, as the 
author had stated, the sulphuretted oil of Ohio was regarded as 
of no commercial value, because the petroleum refiner was unable 
to extract from it the sulphur-compounds it contained. The 
difficulty in that case was successfully overcome by the adoption 
of what was known as the copper-oxide process of purification, 
largely used by the Standard Oil Company of America. Un- 
fortunately that process would not remove all sulphur-compounds, 
and therefore was not available for universal application. At 
the present time it was highly desirable to discover some economical 
method of removing sulphur from the oil yielded so richly by the 
vast deposits of Kimmeridge shale existing in this country, and 


a 


at this juncture it was right that the Institution should afford an 
opportunity for the discussion of the subject. He felt sure that 
the valuable information which had been placed before the members 
by the author would be most helpful as indicating the nature 
of the problem which had to be solved. On former occasions he 
had ventured to say that in his opinion chemical science would 
furnish the solution, and he thought he was justified in asserting 
that at the present time there was more ground for optimism 
than there was when he had previously made that suggestion. 
He had at the same time indicated that it was at any rate possible 
that the problem might be solved not by the removal of the sulphur 
from the oil after condensation, but by a fundamental modification 
in the method of retorting the shale, whereby the elimination 
of the sulphur might be largely effected at the initial stage in the 
production of the oil. It was evident, however, that the question 
of desulphurising Kimmeridge shale oil was not only one of high 
scientific interest, as the author’s illuminating paper had so clearly 
shown, but was also of great industrial importance, and it therefore 
followed that any successful process must of necessity be of very 
considerable pecuniary value. It could not be expected that those 
who were meeting with success in their research work in that 
direction would be otherwise than secretive until they had assured 
themselves of the soundness of the lines upon which they were 
working, and had as far as possible secured to themselves the fruit 
of their labours. Consequently it would be too much to hope 
that those who had made progress towards the goal at which they 
were aiming would be freely communicative at the present time. 
Looking, however, to the national importance of the work in which 
they were engaged, he hoped that some of those present who were, 
he confidently believed, in a position to give great encouragement 
in regard to the matter, might be tempted to say something which 
in the ordinary way would be equivalent to a culpable indiscretion. 

Mr. N. A. Anfilogoff said the author, at the beginning of his 
paper, had advanced some very interesting hypotheses as to how 
sulphur-compounds might have been formed, but he regretted 
had not told the members how to remove them. A process which 
would result in a competitive article, however badly refined, would 
be welcome as long as it met with no superior or cheaper rival. 
The question for the refiner was to study the sulphur-compounds 
in the particular oil in hand. A process successful in one case 
might prove an absolute failure in another. 

In dealing with petroleum products from almost every con- 
ceivable source, he had not yet found in natural petroleum an 
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insurmountable difficulty from sulphur-cofpounds. There were 
four sulphur-compounds and their homologues that needed con- 
sideration. The first, which were the easiest to remove, were 
the thiophanes. Disagreeing entirely with the author on that 
point, he had found that thiophanes were soluble in sulphuric 
acid, and were the easiest compounds to get rid of. The next 
most troublesome group of compounds and homologues were 
the alkyl hydrosulphides, thioaleohols or mercaptans, C,H,8. 
These were attacked by metallic oxides, not necessarily cuprous, 
but a mixture of iron and copper oxide, or some other metallic 
oxide. The third was a yet more troublesome group, the thio- 
ethers or alkyl sulphides (C,H,),8, which were not affected by 
metallic oxides, and were insoluble in sulphuric acid. Mercuric 
chloride had been used for attacking these compounds. The 
fourth group was the most difficult to eliminate, namely, the 
alkyl disulphides, which were not affected by either mercuric 
chloride or sulphuric acid. They had first to be reduced to 
mercaptans, the best way being by using zine and sodium hydrate, 
the mercaptans being afterwards attacked by metallic oxides. 

For any new oil brought for refining, the chemist in charge 
should try to find out what sulphur-compounds were present, 
and then decide upon the appropriate desulphurising process. 
He had found no insurmountable difficulties with simply distilled 
petroleum, either petrol or kerosene, so long as there was present 
but one of the above-mentioned groups of sulphur-compounds. 
In the days gone by, when it was usual to crack the gas oils to get 
a little more kerosene out of them, unsaturated hydrocarbons 
were formed. They were destroyed, as they were useless for 
lamp-oils. In those days hydrogenation-processes had not been 
introduced, or perhaps the industry would not have reached its 
present position. During the past four or five years he had treated 
some 39,000,000 gallons of cracked spirit from America, and he 
had experienced no great difficulty in refining, removing the 
sulphur or deodorising it. The refined spirit was indistinguishable 
from simply distilled petroleum spirit. That remark did not 
apply to the semi-cracked spirits he had had to deal with from 
some “ cracking” or semi-cracking processes or plants. 

He had not found mercaptans in Baku crude oils: if present 
they must be in negligible quantity. On the other hand, the 
Canadian, Mexican, Texan, Persian and Egyptian crude oils 
absolutely reeked of them. 

It appeared that the Kimmeridge shales and their stubborn 
sulphur-compounds were the particular proposition in hand at 


DISCUSSION. 245 


the present time; and he would like to state that Kimmeridge 
shale which when retorted in the usual way gave oil with 
5°8 % of sulphur, could be largely desulphurised if, during the 
retorting, hot chlorine gas was passed through the retort instead 
of steam ; the sulphur was converted to a great extent to sulphur 
chloride, which was easily removed by filtering as a sludge from 
the crude distillate, which then contained but 2°4 instead of 
58 % of sulphur. As some of the members were probably at 
work on the subject, they might like to try that experiment and 
confirm his results. He had received no reply to his offer of all 
the results of experiments made some years ago on Kimmeridge 
shale (see this Journal, vol. ii, p. 187) 

Mr. E. L. Lomax thought that until more of the sulphur-com- 
pounds of petroleum were isolated and identified, the problem of 
desulphurising would remain one of the most difficult that had to be 
dealt with in the petroleum industry. It was to be regretted that 
the author had not dealt rather more fully with the known sulphur- 
compounds that had been isolated by various workers. He 
thought all the members would agree that to a certain extent a 
proportion of the sulphur present in crude oils was derived from 
animal and vegetable matter, but that would hardly account for 
the large percentage found. The author had suggested the pro- 
bable production of some of the sulphur from inorganic sources, 
such as gypsum, reduced either by steam under pressure or by 
organic hydrides. A more feasible theory was that of the original 
presence of free sulphur. Friedmann had been working on that 
subject for some time, and had treated various hydrocarbons with 
sulphur, such as methyl naphthalene, indene, n-octane, caprilene, 
cyclohexane, methyleyclohexane, dimethyleyclohexane, etc., ob- 
taining in all cases sulphur-compounds of asphaltic character. 
Most oils which contained sulphur were asphaltic in character, 
and sulphur itself was a very strong polymerizing agent. Was 
it not probable that asphalt was the result of sulphur being origin- 
ally present, and that the large sulphur-content in the asphaltic 
oils was due originally to free sulphur ? If a lubricating oil, which 
could be heated to a fairly high temperature without decomposing, 
was heated up with sulphur, a pitch was formed, which was 
practically an asphalt. 

He desired, in the next place, to call the author’s attention to 
the first analysis given in the paper. In that analysis the author 
started with an oil containing *72 % of sulphur. On dis- 
tillation a residue was obtained above 350° (with only *54 % 
of sulphur). It had been his experience of the distillation 


5 
- 
; 


2AG PERKIN: SULPHUR IN PETROLEUM OILS. 


of natural oils (not shale oils), that a large proportion of the 
sulphur was concentrated in the residue. If a gallon of the oil 
containing originally ‘72 % of sulphur was distilled, and 
distillates containing the percentages of sulphur referred to by 
the author were obtained, about 100 litres per gallon of sulphur 
gases were liberated, presumably sulphuretted hydrogen. On 
a large scale that quantity would be enormous, and life would be 
intolerable to the workmen on the plant. He thought some 
mistake must have been made in the analysis, and that the residue 
would have at least from 1°5 % to 2 % of sulphur. 

The author suggested that if fuel oils containing large quantities 
of sulphur were used for naval purposes, the atmosphere of the 
stokeholds of the ships was apt to become badly vitiated by 
sulphurous fumes. If proper arrangements were made for burning 
such oil, no sulphur fumes could escape, particularly if forced 
draught was used. In the burning of sulphur for the manufacture 
of sulphuric acid, not the slightest smell of the sulphur was per- 
ceptible, nor should there be any in the stokehold, though oils 
containing a large percentage of sulphur were being burnt. 

With regard to the process the author mentioned for the desul- 
phurising of oils by the action of ammonia, it must be borne in 
mind that the cracking of oils alone would desulphurise them. 
There was a much larger desulphurising action than that shown 
by the amount of sulphuretted hydrogen liberated. All cracked 
oils contained much less sulphur than the original oil. With 
regard to the action of ammonia on thiophene, the author had 
started off with a five-membered ring, and on removing one of the 
constituents, sulphur, he expected to get a four-membered ring. 
The internal stress in this, however, was infinitely greater than 
in a five-membered ring, and was it not much more probable that 
an open-chain compound would be formed, and not a tetra- 
methylene ring? 

Dr. Thole said that his experience in regard to Persian oils 
might be of interest to the members. He had only dealt with 
the benzene fraction up to b.p. 150° C., and he had been able suc- 
cessively to extract different classes of sulphur-compounds. 
Starting with a benzene from which the sulphuretted hydrogen 
had previously been removed, the material contained *11 % 
of sulphur. It was shaken up with caustic soda solution, 
and the sulphur-content thereby diminished from ‘11 to ‘09. The 
only sulphur-compounds, apart from sulphuretted hydrogen, 
which were acidic in nature, and therefore would dissolve in 
caustic soda, were the mercaptans. That point he had further 
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confirmed by acidifying a caustic soda extract, thereby obtaining 
a small amount of oily liquid, whose smell left no doubt that 
mercaptans were present. The benzene which had been washed 
with caustic soda was next washed with strong sulphuric acid, 
and after that treatment the sulphur-content fell from °09 to *03. 
His experience did not agree with Mr. Anfilogoff’s statement that 
the alkyl sulphides were insoluble in strongsulphuric acid. Working 
with specimens of methyl sulphide and ethyl! sulphide and strong 
sulphuric acid (about 95 or 96 % H,SO,), he found those 
sulphides dissolved perfectly and readily. The sulphuric acid 
extract from the Persian benzene threw out on dilution some 
liquid whose smell agreed exactly with that of alkyl sulphides, 
and this, together with the fall in the sulphur percentage, seemed 
to point to the fact that sulphides could be extracted by strong 
sulphuric acid. That left the sulphur-content at about ‘03 % 
What the remaining sulphur-compounds were he could not 
say. They might be thiophanes; they were certainly not thio- 
phenes, nor carbon disulphide. He was inclined to favour the 
idea that they might be disulphides, a set of sulphur-compounds 
to which Dr. Perkin had not referred in his paper, particularly 
as these are remarkably stable substances, unaffected by caustic 
soda, sodium plumbite and strong sulphuric acid. With regard 
to the use of sodium plumbite for refining oil, he thought it should 
be borne in mind that sodium plumbite would precipitate mer- 
captans in the form of lead mercaptides, but it would not react 
with sulphides. Therefore, for the removal of alkyl sulphides 
the sodium plumbite method was useless. The use of chlorine, 
which both the author and Mr. Anfilogoff had referred to, was a 
method which he had only tried once, and it was not very successful, 
because although, even using a very small amount of chlorine, the 
sulphur-compounds were certainly removed to, at any rate, a very 
great extent, the resulting hydrocarbons also contained chlorine : 
chlorination had gone on, and obviously when those hydrocarbons 
were burnt they would produce hydrochloric acid gas, which would 
be worse than sulphur dioxide. 

The Edeleanu process certainly removed a great deal of the 
sulphur. In that connection the author stated that “ although 
saturated hydrocarbons do not dissolve to any extent in liquid 
sulphur dioxide, it is quite possible that saturated sulphur- 
compounds do. Incidentally he had actually tested that point 
in the case of carbon disulphide, ethyl sulphide, mercaptans, and 
ethyl disulphide. They all dissolved quite easily, but he did not 
regard those sulphur-compounds as saturated compounds. They 
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certainly did not contain the double-linked carbon-to-carbon 
system that was present in ethylenic compounds ; but since ethyl 
sulphide formed additive compounds with acids, with methyl 
iodide, with mercury salts, and with ferric chloride, he thought 
it could be said that such a substance was practically as unsaturated 
as ethylene itself, the reason being that the sulphur atom was 
exerting only its minimum valency, and it had at least two more 
which very easily came into play. There was in fact very little 
distinction between such a substance and an ethylene hydrocarbon. 
Therefore, one would, even without previous knowledge, be in- 
clined to suspect that sulphides would dissolve in liquid sulphur 
dioxide. The suggestion the author made that Kimmeridge 
shale-oil contained mercaptans (possibly to a considerable extent) 
might be true, but as far as his experience went all mercaptans 
were sufficiently acidic to dissolve quite readily in caustic soda. 
The sulphur-compounds in Kimmeridge shale-oil did not dissolve 
in caustic soda, or only to a very minute extent. It was possible 
that if they were mercaptans of high molecular weight they would 
not dissolve, just as phenols of very high molecular weight did 
not dissolve in caustic soda. Nevertheless he was inclined to 
doubt very much whether mercaptans were present. He thought 
sulphur was much more likely to be present as sulphides, either 
open-chain sulphides or possibly closed-chain sulphides of the 
thiophane type. Certainly they dissolved quite readily in sul- 
phuric acid and in sulphur dioxide, and sulphides agreed with both 
those tests. 

Mr. Anfilogoff recognised the partial chlorination, but held 
that agitation with a little sulphuretted hydrogen would rectify 
that. He hoped that further trial might be made of the chlorine 
treatment. 

Mr. E. H. Cunningham Craig thought the author had been 
perhaps a little rash in basing a view as to the origin of oil upon 
the presence of either sulphur or nitrogen in the oil. When the 
amount of pyrites, sometimes very large, that was found in coals 
of all kinds was borne in mind, and also the percentage of nitrogen, 
rising to over 8 % in coals and nearly as much in certain 
classes of peat, he thought it was quite evident that it was very 
difficult to suggest that any chemical evidence would enable the 
members to distinguish between vegetable and animal matter 
in the raw material from which the oil was made. Again, there 
could not have been in the ordinary formation of petroleum any- 
thing in the nature of cracking. Such temperatures could not 
possibly have been reached under the conditions under which it 
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was known that the oil must have been formed. The only other 
point he wished to emphasise was that crude petroleum and 
shale-oil were really different things, and it was hardly possible 
to discuss the removal of sulphur from them as if they were of 
exactly the same class of substances. The only crude oils he had 
ever come across that contained free sulphuretted hydrogen were 
very heavy oils which also contained water. If they had not 
contained water, he was fairly convinced that no such gas would 
have been given off from them. It was well known how difficult 
it was to separate out the last trace of water from heavy oils. He 
had on a previous occasion pointed out to the Institution that, 
although in crude petroleum there was perhaps a great deal of 
saturated hydrocarbon, in fact the oil might be almost entirely 
saturated hydrocarbon, in shale-oils the basis of the kerogen 
from which the shale-oil was distilled was really unsaturated 
hydrocarbon ; and therefore to remove sulphur from a shale-oil 
and from an ordinary crude petroleum might require entirely 
different processes. 

Dr. M. B. Blackler said that Mr. Cunningham Craig had 
raised a point which had frequently been in his mind, i.e. that 
the shale-oils were quite different from the petroleum oils, and 
the sulphur-bodies from the former were therefore much more 
difficult to remove than those from the latter. When first dealing 
with the oil from Kimmeridge shale, it was resolved to make 
experiments with the object of finding some chemical which 
would effectually eliminate the sulphur. Hundreds of experiments 
were made with this object in view, but the result in all cases was 
that the sulphur-content remained about the same, i.e. about 
4 to 5 %. This led him to believe that in the various chemical 
changes that were taking place, both the sulphur-compounds 
and the unsaturated hydrocarbons were being decomposed at 
practically the same rate, with the result that the treated oil 
obtained had a sulphur percentage similar to that with which 
the experiment was started. In dealing with cracked oils made 
in various ways, it was found that certain porous materials, under 
special conditions, polymerized hydrocarbons of the di-olefine 
series, while olefine bodies were unacted on. It was considered 
that under the same conditions these porous bodies might have 
a selective action on the sulphur-bodies contained in shale-oils. 
Under these conditions certain di-olefine bodies were removed, 
and a colourless oil was obtained, which when exposed to the air 
for many months still remained colourless, but the removal of 
the di-olefine bodies, which evidently contained no sulphur, 
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increased the sulphur-content of the oil to over 8%. From that 
it appeared that the sulphur-bodies in the shale-oils and the olefines 
with which they were associated were so closely related, so far as 
their liability to chemical decomposition was concerned, that no 
purely chemical reagent would liberate the sulphur from the 
sulphur-bodies without at the same time decomposing the olefines 
associated with them in the oil. 

Although the composition of the shale-cils obtained from the 
same shale deposit varies in composition according to the method 
used for the destructive distillation of the shale, it appeared from 
experiments made on a Norfolk shale distillate that there was 
approximately 20 % of sulphur-free saturated bodies, 50 to 60 °%, 
oletine bodies and di-olefines, and about 20% of sulphur-compounds. 

The above results led him to believe that the elimination of 
the sulphur-bodies from these oils would not be possible by chemical 
reagents at present used in the petroleum industry. 

Two lines of research were now open: (1) The treatment of the 
shale before retorting or while being retorted, and (2) Under what 
conditions was it possible to hydrogenise the shale-oils and thereby 
eliminate the sulphur-bodies. To do this it would be necessary 
to discover some catalyser, and the conditions under which it 
would not be poisoned by the sulphur present. 

Dr. F. Mollwo Perkin had practically nothing to reply to. 
Mr. Anfilogoff had merely retaliated for his criticisms at the last 
meeting, and there was nothing more to be said on the points he 
had raised. 

He quite agreed with Mr. Cunningham Craig that pyrites pro- 
bably had a great deal to do with sulphur in oils; and that, as 
Mr. Lomax suggested, free sulphur was one of the main causes 
of sulphur being present in oils. Mr. Cunningham Craig was 
better qualified to give an opinion than he was himself as to 
whether oils when being formed were dissociated or polymerized. 

That the paper was somewhat of a bare outline, merely gave 
the more opportunity for the members to discuss it. The 
Institution was founded for mutual exchange of information and 
suggestion by means of discussion. 

In regard to Mr. Lomax’s criticisms of the analyses, these were 
not carried out by himself. The investigator, however, expressly 
referred to the large amount of sulphuretted hydrogen given off, 
and he had no reason to doubt the accuracy of the analyses. 


On the motion of the Chairman, a hearty vote of thanks was 
accorded to Dr. Perkin for his paper, and the meeting terminated. 
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Communicated notes. (1) by Mr. John Smith. 

The subject of possible damage to boilers when using fuel oil 
containing sulphur was discussed at the previous meeting when a 
paper was read by Prof. Brame, entitled “ Liquid Fuel and its 
Combustion,” and I understand there is a good deal of controversy 
on this subject, so it might be of interest to the members to have the 
results as to the condition of boilers which have worked for anumber 
of years with fuel oils containing as much as 4 % of sulphur. In 
one instance, boilers of the Lancashire type have been in use for 
a period of about nine years, working 24 hours per day (except 
when shut down for cleaning), and in addition to this fuel, uncon- 
densable gas containing a large percentage of sulphuretted hydrogen 
has been consumed in these same boilers. As these have been 
in operation a total period of thirteen years, nine of which have 
been worked on oil fuel, there is every reason to believe that damage 
would have been found on these boilers had the sulphur in the 
fuel oil used been detrimental. In a recent examination of these 
boilers by a qualified engineer, no damage whatever was found 
on any of the furnace tubes or boiler shells, which tends to show 
that when the fuel oil is properly and completely consumed, there 
need be no fear of any ill effects. 

Similar results have been experienced when burning this same 
class of oil under water-tube boilers, although the period is not so 
extended, being only six years: no tubes have had to be replaced 
on account of damage caused by oil-burning; in fact, in one 
instance, four water-tube boilers after having run on straight 
crude with a sulphur-content of 3°2% were ultimately changed 
over to gas-firing, and have run successfully, working 24 hours 
per day, on gas collected from the flowline of oil wells and waste 
casing-head gas. In this case also, the gas, being very largely 
uncondensable, requires to be destroyed in order to prevent 
atmospheric pollution, and advantage is taken to get rid of it by 
burning it under boilers: this has been done for over two years, 
and although the gas’ contains a very high percentage of sul- 
phuretted hydrogen, no ill effects have been discovered. A very 
small number of boiler tubes has been renewed in these boilers, 
and in every case the necessity for renewal can be attributed to 
causes other than oil or gas firing. 

The foregoing instances cover various conditions on land, and it 
might be mentioned that wherever trouble has been experienced in 
marine service, either by the formation of carbon deposits, or by 
pitting of the boiler furnaces or combustion-chamber plates, these 
troubles can safely be attributed to faulty combustion; in every 
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case where good and complete combustion has been obtained, 
none of these troubles exist. In the event of trouble arising it 
is advisable to correct immediately the conditions under which 
the fuel oil is being consumed, when by ensuring complete com- 
bustion, furnace-troubles become non-existent. No doubt in a 
considerable number of cases the space in which oil fuel is being 
burned is too small, but combustion might be very considerably 
assisted by admitting only the proper quantity of air. In many 
cases too much reliance is placed on the excessive use of air to 
obtain complete, but inefficient, combustion. The main object 
should be to obtain the best possible atomisation, thus allowing 
the minimum quantity of air to be used to complete the combustion 
in the boiler-flue, not in the combustion-chamber and tubes, as 
would be the case with faulty atomisation. Carbon deposits on 
the sides of furnaces or combustion-chambers are entirely due to 
bad combustion, and if not guarded against, furnaces are liable 
to corrosion and also to collapse, owing to the local overheating 
which takes place at points where carbon is formed. 

In cases where combustion is incomplete, and carbon is formed, 
this occurs at a very high temperature, resulting in the plate with 
which it is in contact becoming overheated. Carbon under these 
circumstances will reduce the sulphur dioxide formed during the 
combustion of the fuel oil, resulting in the freed sulphur chemically 
combining with the overheated plate, yielding primarily ferrous 
sulphide, which undergoes change according to the varying amount 
of oxygen in the boiler furnace, forming ferric oxide, and causing 
pitting. 

Generally speaking, any furnace-troubles experienced when 
burning fuel oil, whether this contains sulphur to a large or a small 
extent, can always be traced to incomplete combustion, and not 
to the fact of there being sulphur in the fuel oil. 

In marine practice the general system in vogue is to atomise 
the fuel oil by the pressure system, as by this means the minimum 
amount of steam is used; no steam, however, is used for direct 
atomisation, being used solely for heating the fuel, and operating the 
pressure-pump which delivers the oil under pressure to the burner. 

With regard to the oil obtained from Kimmeridge shale, the 
main factor which strikes the user is the high percentage of sulphur, 
viz. 6 to 7 %, and in consequence of this there would be a natural 
inclination on the part of a would-be user, after having read the 
remarks on the pitting of boiler-plates and tubes, to look for his 
fuel elsewhere. Provided, however, that this oil was completely 
consumed, no boiler-trouble should arise from the sulphur-contents. 
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If we take the case of fuel oil having 8 % sulphur-content, we 
must not forget that, owing to the higher calorific value of oil fuel, 
when a comparison is made with coal, the sulphur in the oil will 
be reduced to the equivalent of 2%, so that when all is said and 
done the sulphur percentage cannot be called a high one. 

The successful burning of fuel oils, whether they contain sulphur 
or not, requires an efficieat vaporising system which will allow 
combustion to be completed in the furnace proper, and given this 
condition it is suggested that boiler-troubles due to sulphur in the 
fuel will be eliminated. 


(2) By Mr. J. Swinburne. 

One of the first difficulties in desulphurising oils is to determine 
the sulphur. The oil may be heavy or light, or may be a mixture 
of oils of various boiling-points. The sulphur may be high, say 
of the order of 3 %, or low, say of the order of 0°05 %. 

Taking high sulphur first : the Mahler bomb is taken as above 
suspicion. I have found no description of its use. I therefore 
used pressures from 15 to 30 atmospheres, with a 300 cc. bomb. 
I used 0°83 to 0°5 grm. oil; and I find variations in results. With 
25 ce. of dilute caustic in the bomb, there is uncertainty as to 
complete combustion. Sulphur burnt in oxygen forms sulphurous 
as well as sulphuric acid. I have therefore always oxidised with 
bromine when I used alkali. I still got freak results. There 
may have been nitrogen in the oil and in the oxygen, forming 
NO,, which may give rise to thionates. In some cases the liquid 
from the bomb was quite clear and colourless for a few minutes, 
and then suddenly got black. The black precipitate was soluble 
in acid, and seems to have been due to the formation of thionate 
of nickel, the thionate splitting up and producing sulphide. The 
gear inside the Mahler is nickel. 

Another trouble is imperfect combustion, more especially with 
shale-oils. Oils, especially light oils, evidently dissolve oxygen, 
and under pressure enough may dissolve to form either an explosive 
or a too rapidly burning oil. The addition of starch or naphthalin 
seems to reduce this evil. 

To avoid the production of thionate, I have used 25 ce. of 1 vol. 
hydrogen peroxide in the bomb. I tried a great many other 
methods of analysis, but only one is to the point for oil with 
much sulphur. About 0°5 grm. of oil is mixed with 25 times its 
weight of sodium peroxide, and put into a ?-in. gas cap. A plug 
is then screwed in loosely, and the whole heated for about two 
minutes over a burner. The combustion is quite quiet. The 
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cap and plug are merely to prevent spluttering. The melt is 
dissolved in water; nearly neutralised with hydrochloric acid, 
filtered to remove iron and perhaps zinc from the gas cap; 
acidified and boiled and precipitated, a little alcohol or formic’ 
acid may be added to make sure no persulphate survives. 

In cases of small sulphur-content, about 10 grm. must be used 
to give enough sulphate. Burning 10 grm. of heavy oil is diffi- 
cult. Burning light oil perfectly is difficult too. Even if the 
products of combustion are sucked through a silica combustion- 
tube, the combustion seems to be imperfect. Sulphur is lost 
in some compound that is not taken up by sodium hydrate, 
carbonate, hypobromite, or ammonia. It is not a matter of 
insufficient absorption-bottles. A little difference in trimming 
the lamp makes quite a big difference in the sulphur result. I 
have not yet tried passing chlorine or bromine through the hot 
tube with the burned gases. Nor have I yet tried burning the 
oil completely in chlorine. 

The Carius method I have not tried. It does not look inviting. 
If nitric acid will still not attack iron when hot, an iron tube with 
screw-caps might do instead of glass. 

An authoritative method with details of practice would be a 
boon to those working at this very repulsive subject. 


On these notes, Dr. Perkin remarks :— 

Mr. John Smith’s contribution is very interesting, and goes 
to show that sulphur-troubles are mainly produced from faulty 
construction or from incomplete combustion. Unfortunately, 
however, even with correct construction, there is always the 
human element to deal with, and it is extremely difficult to make 
a plant “fool-proof.’”” There is another point which I think 
should not be lost sight of—the large amount of sulphur dioxide 
in the gases evolved from the flues, to which the Factory Inspector 
would probably object. 

Mr. Swinburne’s contribution about the determination of 
sulphur in oils is very useful. In his opinion there are only two 
really accurate methods for determining sulphur in oils—the 
calorimeter bomb method and the Carius. With a bomb a pressure 
of at least 25 atmospheres should be employed in order to get 
complete combustion. The Carius is perfectly accurate, but 
tiresome, owing to the necessity to seal up the oil with fuming 
nitric acid in a glass tube. Sometimes also the reaction between 
the oil and nitric acid is extremely violent. 
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